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XN this Introduction I shall first present a ^BNsmAx. view of the objects 
of chemistrjr, along with a scheme for conyertingthe alpbs^foetical arrange- 
ment adopted in this volume, into a systematic order of study. I shall then 
describe die nianner in which this Dictionary seems to have been original- 
ly compiled, and the circumstances under which its present regeneration 
has been attempted. This exposition will naturally lead to an account of 
the principles on which the investigations of chemical theory and facta 
have been conducted,which distinguish this Work from a mere compilation. 
Some notice is th^i giv^A of a treatise on practical chemistry, publicly an- 
nounced by me upwards of three years ago, ai^l of the peculiar circum- 
stances of my situation as a teacher, which prompted me to undertake it^ 
though its execution ha» been delayed by various obstructionf. 



The forms of matter are numberless, and subject to incessant change. 
Amid all this variety which perplexes the comnH>n mind, the eye of science 
discerns a few unchangeable primary bodies, by whose reciprocal acticMis 
and combinations, this marvellous diversity and rotation of existence, are 
produced and maintained. These bodies, having resisted every attempt to 
resolve them into simpler forms of matter, are called undecotafiotrndedt and 
must be regarded in the present state of our knowledge as exfierimmtal 
tlementf. It is pos^ble that the elements of nature are very dissimilar; it 
k probable that they are altogether unknown; and that they are so recon- 
dite, as for ever to elude the sagacity of human research. 

The primary substances which can be subjected to measurement and 
weight, are fifty-three in number. To these, some chemists add the im- 
ponderable elements,— light, heat, electricity, and magnetism. But their 
separate identity is not clearly ascertained. 

Of the fifty-tliree ponderable principles, certainly three, possibly four, 
require a distinct collocation from the marked peculiarity of their powers 
and properties. These are named Chlorine^ Oxygen^ Iodine (and Fluo- 
rine?) These bodies display a pre-eminent activity of combination, an 
intense affinity for most of the other forty -nine bodies, which they corrode, 
penetrate, and dissolve; or, by uniting with them, so impair their cohesive 
force, that they become friable, brittle, or soluble in water, however dense, 
refractory, and insoluble they previously were. Such changes, for exam- 
ple, are efiected on platinum, gold, silver, and iron, by the agency of 
chlorine, oxygen, or iodine. But the characteristic feature of these archeal 
elements is this, that when a compound consisting of one of them, and 
one of the other forty-nine more passive elements, is exposed to voltaic 
electrization, the former is uniformly evolved at the positive or vitreo- 
electric pole, while the latter appears at the negative or resino-electric 
pole. 
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The singular strength of their attractions for the other simple forma of 
matter, is also manifested by the production of heat and light, or the phe- 
nomenon of combustion, at the instant of their mutual combination. But 
this phenomenon is not characteristic; for it is neither peculiar nor neces- 
sary to their action, and, therefore, cannot be mlade the basis of a logical 
arrangen^ent. Combustion is vividly displayed in cases where none of 
these primary dissolvents is concerned. Thus some metals combine with 
others with such vehemence as to elicit light and heat; and many of them, 
by their union with sulphur, even in vaeuo^ exhibit intense combustion. 
Potassium bums distinctly in cyanogen (carburetted azote), and splendid- 
ly in sulphuretted hydrogen. For other examples to the same purpose, 
see Combustible and Combustion. 

And again, thephenomenon of flame doesnot necessarily accompany any 
of the actions of oxygen, chlorine, and iodine. Its production may be re- 
gulated at the pleasure of the chemist, and occurs merely when the mutual 
combination is rapidly efftected. Thus chlorine or oxygen will unite with 
hydrogen, either silently and darkly, or with fiery explosion, as the opera- 
tor shall direct. 

Since, therefore, the quality of exciting or sustaining combustion is not 
peculiar to these vitreo-electric elements; since it is not indispensable to 
their action on other substances, but adventitious and occasional, we per- 
ceive the inaccuracy of that classification which sets these three or four 
bodies apart under the denomination ofaupfierterBqfeomiuetion; as if, for- 
sooth, combustion could not be supported without them, and as if the^up- 
port of combustion was tHeir indefeisible attribute, the essential concomi- 
tant of their action. On the contrary, every change which they can pro- 
duce, by their union with other elementary matter, may be effected without 
the phenomenon of combustion. See section 5th of article Combustion. 

The other forty-nine elementary bodies have, with the exception of 
azote (the solitary incombustible), been grouped under the generic name 
of com6u8ti6le8. But in reality combustion is independent of the agency of 
all these bodies, and therefore combustion may befiroduced vithout any com- 
tustible* Can this absurdity form a basis of chemical classification? The 
decomposition of euchlorine, as well as of the chloride and iodide of azote, 
is accompanied with a tremendous energy of heat and light; yet no comi- 
bustible is present. The same examples are fatal to the theoretical part of 
Black's celebrated doctrine of latent heat His facts are, however, invalu- 
able, and not to be controverted, though the hypothetical thread used to 
connect them be finally severed. 

To the term combustible is naturally attached the idea of the body se 
named affording the heat and light. Of this position, it has been often 
remarked, that we have no evidence whatever. We know, on the other 
hand, that oxygen, the incombustible, could yield, from its latent stores, in 
Black's language, both the light and heat displayed in combustion; for mere 
mechanical condensation of that gas, in a syringe, causes their disengage- 
ment. A similar condensation of the combustible hydrogen, occasions, I 
believe, the evolution of no light. From all these facts, it is plain, that 
the above distinction is unphilosophical, and must be abandoned. In truth, 
every insulated or simple body has such an appetency to combine, or is 
solicited with such attractive energy by other forms of matter, whether the 
actuating forces be electo-attractive, or electrical, that the motion of the 
particles constituting the change,if sufficiently rapid, may always produce 
the phenomenon of combustion. 

Of the forty-nine resino-polar elements, forty-three are metallic, and si^x 
non-metallic. 

The latter group may be arranged into three pairs:-— 
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Ist. The gaseous bodies, Htdrookn and Azote; 

£d. The fixed and infusible solids. Carbon and Borok; 

3d. The fusible and volatile solids, Sulphur and Phosphorus. 

The ftirty-three metallic bodies are distinguishable hy their habitudes 
-with oxygen, into two great divisions, the Basifiable and Aoidifiable 
metals. The former are thirty-six in number, the latter seven. 

Of the thirty-six metals, which yield by their union with oxygen salifi- 
able bases, three are convertible into alkalies, ten into earths,* and twenty- 
three into ordinary metallic oxides. Some of the latter, however, by a 
maximum dose of oxygen, seem to graduate into the aoidifiable group, or 
at least cease to form salifiable bases. 

We shall now delineate a general chart of Chemistry, enumerating its 
various leading objects in a somewhat tabular form, and pointing out their 
most important relations, so that the readers of this Dictionary may have 
it in their power to study its contents in a systematic order. 

CHEMISTRY 

Is the science which treats of the specific differences in the nature of 
bodies, and the permanent changes of constitution, to which their mutual 
actions give rise^f 

This diversity in the nature of bodies is derived either from the aoore- 
GATioN or coMPOsrriON of their integrant particles. The state ofaggrc" 
gation seems to depend on the relation between the cohesive attraction of 
these integrant particles, and the antagonizing force of heat. Hence, the 
three general forms of soUd^ liquidj and gaseousy under one or other of 
which every species of material being may be classed. 

For instruction on these general forms of matter, the student ought to 
read, 1st, The early part of the article Attraction; £d. Crystalliza- 
tion; 3d, That part of Caloric entitled, ^< Of the change of state pro- 
duced in bodies by caloric, independent of change of composition." He 
may then peruse the introductory part of the article Gas and Balance, 
and Laboratory. He will now be sufficiently prepared for the study of 
the rest of the article Caloric, as well as that of its correlative subjects. 
Temperature, Thermometer, Evaporation, Congelation, Cryo- 
meter. Dew, and Climate. The order now prescribed will be found 
convenient. In the article Caloric, there are a few discussions, which 
the beginner may perhaps find somewhat difficult. These he may pass 
over at the first reading, and resume their consideration in the sequel. 
After Caloric he may peruse Light, and the first three sections of Elec- 
tricity. 

The article Combustion, will be most advantageously examined, after he 
has become acquainted with some of the diversities of Composition; viz. 
with the three vitreo-polar dissolvents, oxygen, chlorine, and iodine; and 
the six non-metallic resino-polar elements, hydrogen, azote, carbon, 
boron, sulphur, and phosphorus. Let him begin with oxygeny and then 
peruse, for the sake of connexion, hydrogen^ and water. Should he wish 
to know how the specific gravity of gaseous matter is ascertained, he may 
consult the fourth section of the article Gas. 

The next subject to which he should direct his attention is Chlorine; 
on which he will meet with ample details in the present Work. This 
article will bear a second perusal. It describes a series of the most splen- 

* I here regard silica acting as a base to fluoric acid, in the fluosilicio coropouod; hot the 
subject IB mysterioQs. See Acid (Fluobic). 

1 1 do not know whether this defiDition be my own, or borrowed. I find it in the syllabus of 
mj Belfast Lectures, printed roany years ago. Another definition has been given in the 
I>iBiipQary, article Cbemibtby. 
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did efforts ever made by the sagacity of masi to unibld the mysteries of 
nature. In connexion with it he may read the articles Cbloro9» and Chlo- 
ric OxiDKSy or the protoxide and deutoxide of Chlorine. Let him 
next study the copious article Iodine, from beginning to end* 

Carbon, boron, sulphur, phosphorus, and azote, must now come under 
review. Related closely with the first, he will study the carbonou§ oxide, 
curburetted and aubearburetted hydrogen. What b known of the element 
boron J will be speedily leamedi and he may then enter on the examination 
of aul/ihur^ auifihuretied hydrogen^ and carburet qfeulfihur, Pkoefihoruo and 
phoafihuretted hydrogeniVfith nitrogen or azo/«, and its oxidea and chloridea^ 
will form the conclusion of the first division of chemical ftudy, which re- 
lates to the elements of most general interest and activity. The general 
articles Combuadble^ Combuation^ and Safe4atnfi may now be read with ad- 
vantage; as well as the remainder of the article attraction^ which treats of 
afiinity. 

Since in the present work tlie alkaline and earthy aalta are annexed to 
their respective acida^ it will be proper, before commencing the study of 
the latter, to become acquainted with the alkaline and earthy bases. 

The order of reading may therefore be the following : first, The gene- 
yal article alkali^ then fiotaah and fiotaaaium^ aoda and aodium^ lithiaj and 
ammonia. Next, the general article earth; afterwards calcium and &me, 
Murium and barytea^ atrontMa^ magneaia, alumina^ ailica^ glueina^ zirconta^ 
pttriaj and thorina. 

Let him now peruse the general articles add and aalt ; and then the »oit- 
metallic oxygen acids, with their subjoined salts, in the following order:-— 
oulfihuricf aulfihuroua^ hy/ioaulfihuroua, and hyfioaulfihuric; fihoafihoricy fihoa^ 
fihoroua and hyfiophoafihoroua$ carbonic and chloro-carbonoua; boraHc; and 
lastly, the nitric and nitroua. The others may be studied conveniently 
with the hydrogen group. The order of perusing them may be, the mu- 
riatic (hydrochloric of M. Gay-Lussac), chloric and perchloric ; the hydri- 
odicy iodic and chloriodic; the Jluoric^fluoboric^ and Jluoailicic$ the firuoaic 
(hydrocyanic of M. Gay-Lussac), ferropruaaicy chloropruaaicy and aulfihuro^ 
jiruaaic. The hydroaulfihuroua and hydrotellurouay are discussed in this Dic- 
tionary, unde^r the names of aulfihuretted hydrogen, and telluretted hydrogen. 
These compound bodies possess acid powers, as well perhaps as arsenuret- 
ted hydrogen. It would be advisable to peruse the article pruaaine Qcy- 
anogen) either before or immediately after pruaaic acid. 

As to the vegetable and animal acids, they may be read either in 
their alphabetical order or in any other which the student or his teacher 
shall think fit. Thirty-eight of them are enumerated in the sequel of the 
article Acid; of which two or three are of doubtful identity. 

The metallic acids fall naturally under metallic chemistry; on the study 
of which I have nothing to add to the remarks contained in the general 
article Metal. Along with each metal in its alphabetical place, its na- 
tive state, or oreay may be studied. See Oexs. 

The chemistry of organized matter may be methodically studied by 
perusinff, first of all, the article vegetable kingdom^ with the various pro- 
ducts of vegetation there enumerated; and then the article animal king- 
dom, with the subordinate animal products and adipocere. 

The article analyaia may be now consulted; then mineral waters; 
eiguivalenta (chemical); and analysis o£orea. 

The mineralogical department should be commenced with the gene- 
ral articles mineralogy y and cryataliography; after which the different spe- 
cies and varieties may be examined under their respective titles. The 
enumeration of the genera of M. Mohs, given in the first article, will 
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^uide the student to a considerable extent in their methodical considera- 
tion. Belonging to mineralogy, are the subjects, blofofiifiej geology with 
its subordinate rocka^ oresj and meteoroiiie. 

The medical student may read with advantage, the articles, acid (arsenic 
ousf) antimony y bilcy bloody ca/ctt/M (urinary), the sequel of cofifier^ digestion^ 
gall^atoneey gahfanisfUy intestinal concretion, leady mercufy, fioiaonsj reafiira- 
tion^ urine ^ lsf^» 

The agriculturist will find details not unworthy of his Attention, under 
the articles, abaorbent^ analyaia of soils, carbonate, lime, manure, and aoila. 

Among the discussions interesting to manufacturers are, acetic, and other 
acida, alcohol, aium, ammonia, beer, bleaching, breads caloric, coal, aod ^oal- 
gas, diatiUation, dyeing, ether, fat, fermentation, glaaa, ink, iron, orea,fiotaah, 
/lottery J aait, aoafi, aoda, ateel, sugar, tannings Is^c^. 

The general reader will find, it is hoped, instruction blended with enter- 
tainment, in the articles, aerostation, air, climate, combuation, congelation, 
deitfi electricity, equivalents, galvanism, geology, light, meteorolite, rain, and 
several other articles formerly noticed. 

It may be proper now to say something concerning the execution of th« 
present Work. In the month of June, a gentleman from London, who had 
become possessed of the copy-right of Nicholson's Dictionary, waited on, 
me in Glasgow, requesting that I would superintend the revision of a new 
edition, which he purposed immediately to send to the press. I stated to 
hin^ that, however valuable Nicholson's compilation might havebeen at its 
appearance in 1808, the science of chemistry had undergone such altera- 
tions since, as would require a Dictionary to be written in a great measure 
anew. To this he replied, that the above work had enjoyed great popu** 
larity; that he was certain a new edition of it would be well received; that 
he did not expect me to compose original articles or dissertations, but 
merely to add, from recent publications, such notices of new discoveries 
and improvements as might seem proper, and to retrench what appeared 
obsolete or useless; taking care to comprise the whole in such a cormpass 
as would render the price moderate, and thus place the book within the 
reach of manufacturers, medical students, and general readers.. The terms 
offered appearing reasonable relative to the work required, I entered into 
an engagement to revise the new edition in time for the winter classes. 

Ha^ng assembled complete series of all the British scientific journals, 
with several of the foreign, and the various chemical compilations from 
Newman and Macquer, to the present day, I commenced the stipulated 
revision. I had advanced a very little way, however, when I became 
alarmed at the dilemn^ in which I found myself placed. A large propor- 
tion of the articles which I had reckoned on reprinting, as having under^ 
goivB little change since 1808, were found to have been quite obsolete at 
that period. They had been evidently copied, with scarcely any alteration, 
through Nicholson's quarto Dictionary, from Macquer and Newman, back 
I believe to the ei*a of Stahl, Becher, and Agricola. Under the article 
acid (acetic),S6 pages of Crell's Annals had been copied verbatim et aeriatim 
on the concentration of vinegar by charcoal, &c. A larger space was al- 
lotted to the separation of silver, under the SLVticles silver, fiarting, and a*- 
say, than was dedicated to all the gases and earths. The article Caloria 
was meagre and vapid, while deaulfihuration or roasting of pyrites, Brazil 
wood, and safflower, occupied a far greater extent. Putrefaction consist- 
ed of extracts from Becher's subterranean world, and other details belong- 
ing to a former age of chemistry. • 

The contents of the 8vo Dictionary were made up from four sources. 

1st, From his quarto Dictionary of 1795. The long article Ores, for 

h 
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example, was taken chiefly from Cramer) vhile.the labours of KkpotHh 
and Vauquelin were seldom noticed. Large excerpts were also given from 
obsolete Dispensatories, concerning substances of no chemical importance, 
and destitute of all medicinal power. 

2d, From the contemporary systems of Brongniart, Henry, Muftay, 
Thomson, 8cc. about another fourth was copied in continuous articles. 
This formed the best part of the whole. 

3d, liarge excerpts were given from his own Journal, quite dispropor- 
tionate to the rest of the work, and to the exclusion of numerous interest- 
ing topics* Indeed a journalist, who compiles a system, has great tempta- 
tions to fall into this practice. 

4th, The fourth portion was composed by himself. This seems to have 
constituted about one-twentieth of the Dictionary, and rehited chiefly to 
physics, in which he was experimentally versaivt. These articles were 
very respectable, and have been in some measure retained; see Aitrac" 
tion^ Balance^ Hydrometer^ and laboratory. What {bllows the'^rst 
asterisk in Attraction, has been now added. Mr. Nicholson was indeed a 
man of candour, intelligence, and ingenuity. His ofiginal papers on 
electricity, and mechanical science, do him much honour; and the ab- 
stracts of experimental chemical memoirs, which he occasionally drew up 
for his Journal, were ably executed. Had he bestowed corresponding 
pains on his 8vo Dictionary, my present task would have been greatly 
lighter. . . ^ 

After making such a survey, the feelings under which I began to lAour 
were similar to those of an architect, who having undertaken to repair a 
building within a certain period, by replacing a few unsightly or moulder- 
ing stones, finds himself, on his first operations, overwhelmed in its rubbisb. 
Reverence to public, opinion, and anxiety to fulfil my engagement, how- 
ever irksome, have induced me to make every possible exertion to restore 
the edifice, and renew the decayed parts with solid materials. If it has 
not all the symmetry, or compactness, of an original design, leisurely exe- , 
cuted, still I trust it will prove not altogether unwortny the attention of • 
the chemical world. I have investigated the foundation of almost eveiy 
fact or statement which it contains, and believe they merit general confi- 
dence. Many, inaccurate positions and deductions, in our most ^elaborate 
modem system, I have taken the liberty of pointing out; aware that the 
influence of Dr. Thomson's name and manner is capable of giving consi- 
derable currency to his opinions, however erroneous they may be. His in- 
dustry deserves the highest praise ; and his chemical experience would 
entitle his decisions to deference, were they less precipitate, and less dog- 
matical. Many of my embarrassments in compiling the present volume, 
have arisen from his contradictory judgments, pronounced in the Annals 
of Philosophy; see Acids Phosphoric,. Prussio, &c. If under the^in- 
fluence of the feelings thus excited, a hasty expression has escaped nae in 
the ardour of composition, I hope it will not be imputed to personal ani- 
mosity. I have always lived on amicable terms with this distinguished 
chemist, and trust to continue so to do. Perhaps in commenting on his 
opinions, I may have unconsciously caught the plain manner of his criti- 
cisms. My sole object, however, was the establishment of truth. The 
i^efutation of error was undertaken, only when its existence seemed in- 
compatible with that object. On our other valuable systematic works, I 
have maide no critique, because Dr. Thomson's is the most comprehen- 
sive; professedly taken from original memoirs, and of highest authority. 

I Rave long meditated to publish a methodical treatise on chemistry, in 

which both its study and practice would be greatly simplified, and its 

..applications to the phenomena of nature, medicine, and the arts, faithfully 
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detailed.' In my memoir x>n sulphuric acid, inserted in the Journal 6f 
Science and the Arts, for October 1817, is the following passage: ** I was 
led to ^camine the subject very minutely, in preparing for publication a 
general system of chemical instructions, to enable apothecaries, manufac- 
turing chemists, and dealers, to practise analysis with accuracy and des* 
patch, as £air as' their respective arts and callings require. I hope that 
this work will soon appear. Meanwhile, the following details will afford a 
specimen of the experimental researches executed with this view.' ' The 
three years and a half which have elapsed aince the above paper was com- 
posed, would have enabled me to fulfil the promise, but for various un- 
foreseen interruptions to my labours. 

If the public, after this larger specimen of my chemical studies, shall deem 
me quaHfied for the task, I may promise its completion within a year from 
this date. The work will be comprised in four octavo volumes, and will con- 
tain the results of numerous investigations into the various objects of prac- 
tical chemistry, joined to a systematic view of its principles. By several 
simple instruments, tables, and rules of calculation, chemical analysis, the 
highest and most intricate part of the science, may, I apprehend, be, in 
many cases, brought within the reach of the busy manufacturer; while, by 
the same means, such accuracy and despatch may be insured, as to render 
the analysis of saline mixtures, complex minerals, and mineral waters, the 
work of ait hour or two; the proportions of the constituents being deter- 
mined to one part in the thousand. . 

In prosecution of this plan of simplifying analysis, I contrived, about 
fiv% years ago, an alkalimeter and acidimeter. Being then connected by 
a biennial engagement with the Belfast Academical Institution, I was oc- 
casionsdly called upon to examine the barillas and potashes so extensively 
employed in the linen manufacture, the staple trade of Ireland. I was 
sorry to observe, that while these materials of bleaching differed exces- 
sively in their qualities, no means was possessed by those who imported or 
who used them, of ascertaihing their value; and that a generous people, 
with whom every stranger becomes a friend, frequently paid an exorbitant 
price for adulter&ted articles. The method which I devised for analyzing 
alkaline and acid matter, was laid before the Honourable Linen Board in 
Dublin, and by them referred to a competent chemical tribunal. The 
most decisive testimonies of its accuracy and importance were given by 
that tribunal ; and it 'was finally submitted, by desire of the Board, to a 
public meeting of bleachers assembled at Belfast. Unexceptionable docu- 
ments of its practkabiltty and value were thence returned to Dublin, 
accompanied by an ofilictal request, that measures might immediately be 
taken to introduce the methbd into general use. Descroizilles had seve- 
ral y^ars before di^scribed, in the Annates de Chimie, an alkalimeter, but so 
clumsy, operose, and indirect, as to be not at all adapted to the puiposes 
of the linen manufacture. My instrument, indeed, was founded, as well 
as his, on the old principle of neutralizing alkali with acid; but in every 
other respect it was different. 

After spending about two months on this project, and no answer being^ 
returned either to the pubiie request of the bleachers, or to my own me- 
morial, I set off on an intended tour to France, and have never since re- 
sumed the negotiation.* The terms on which I had offered the instru- 
ment, were merely honorary; for the sum proposed, would not have re- 
paid the expense of my journey and attendance. However important there- 

* The Right Hon. John Foster, who took the chief direction of the Board, showed me 
etery poMible attention; bat from the absence of many of its members in England, a quorum 
coald not be assembled at the time. 
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fcre the adoption of thit imtninient was to Ir«laiid» it was^no peeumiarf 
importance whatever to me. Of the two hundred and ten thousand pouwk 
upended that year (1815-1816) on imported alkaKes, a very Urge pro- 
portion might have been saved by ^e application of my alkaliraeter; audi 
what is perhaps of piore consequeace) the alkaline lejrs nsed in Ueachingy 
would, by its meansy have been rendered of a regulated strength, suited to 
the stage of the process, and fabiicof the cloth. What would we say of 
a company, who imported spirituous liquors to an enormous amount, asHl 
paid for them all as proof, though they w«re diluted with fifty per cent, of 
water? Now, though this neglect of the hydrometer would have a hmpfiy 
moral influence on the consumer, it would be vastly absurd ki the dealer. 
No such apology can be ofiPered for neglecting the alkalimeter. 

The following is an extract &om £e Belfast News-Letter of July 9, 
1816:-T. 

'( I now submit the following document to publks inspection, and hum« 
bly ask, whether any such experiment has been ever made publicly be- 
fore; or whether there is described in any publication prior to tof iate 
exhibition in Dublin, and. in the Linen Hall of Belfast, an instrument by 
which it can be performed? 

<< This day, one of the porters of the Linen Hall, Bel£ii^, was called 
into the Library-^room, at the request of Dr. Ure, who, being quite un- 
known to Dr. Ure, ^nd never having seen any expmmenta made With 
acids and alkalies, he took the instrument at our desire, which, b^g 
filled with coloured acid, by pouring it slowly on adulterated alkali, which 
we had previously prepared, he ascertained exactly tira per emitage ^ 
genuine ^Ikali in the mixture.— ^(?(i^«/, 35/A Jtme^ 1816. 

(Signed) John & Fe&oitsok,- anurtrnm. 

Jakes M'DowBf., M* D, 
Joiur M; SrotreE, 
8. Thomson, M. D^ 
"* The above eapcriipent did not oeeupy th^ pMter above five ninules* 
I believe it is a new document, though, after the egg has been .pieced on 
end, others will set to work to do the same. 

" Though the instrument was entirely the Msuk of my own egqmriiiiei^ 
and calculations, I never claimed a greater share in^iAs invent!^ than I 
hope its peculiarity merits. The following m^erpt Ansn a letter addreased 
to the Right Hon. John Foster, /^tor to any f^qblio d&G(uaiMHi cm its me- 
rits, will satisfy the public on this head. 

^ fHmn^Jmne \%, 16 le. 
<< SiRr-yIn the letter which I had yesterday the honeur of a^resoing 
you, I omitted seme scio^fic details, which I now bi^ leave to submit to 
your consideration. That the quantity ef alkali, present in any por^en of 
potash or barilla, is directly properti^nai to the quantity of acid requaMite 
to produce saturation, is a fact which has been known for upwards of e 
century to every chemist, and forms a fundanaental.law ef his science. In 
establishing my instrument on this law, the priociple of it nmy be siaid not 
Id be new.'* &c. • ♦ 

*« The practical application of ^le eslabtislMd Jaws of nature^ <h* of the 
general deductions ck' science, to the uses of life, is, perhaps, the most 
beneficial and meritorious employment of the philoeophtG mind. The 
novelty which I lay claim to in my contrivance, is this, that it enables a 
person versant neither in chemieai re^reareket nor in mHthmeHeai csmpma* 
tion^ to determine by inspection of a scale, as simple as that of a thermo- 
meter, the purity or value to one part in the hundred, of the alkalies, oil of 
vitriol, and oxvmuriate of lime, so extensively^ and often so injudiciously 
'imployed by the linen*rbleaq^er/* '' 
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In my jonnief through England to Prance, I submitted my Essay on 
Alkalimetry, &c. to Dr. Henry, in the confidence of friendship, and under 
the iDJunction of secrecy. From the unreserved communication of ideas, 
however, which subsists between this chemist and his townsman Mr. DaK 
ton, he soon gare him a perusal of the Essay. In the then existing edi* 
tion of Dr. Henry's Elements, Descroizilles' plan for testing alkalies was 
alone given; in the edition published since, he has inserted four supple-* 
mentary pages entitled, 

" Imfiroved Jiikalimeter and Acidimeter** 
This instrument is essentially mine, very slightly dis'^uised. He concludes 
by saying, " No chemical operation can be more simple, or more easily 
managed, than the measurement of the strength of alkalies by acid liquors, 
and of acids by alkaline ones, in the vmy which has been described." This 
is exactly Columbus's e^g^ or Roger Bacon's gunpowder; e( sicfacies 
tonitm^ SI sciAS A&TiFiciuM. By comparing his new way taken from 
my Essay, with the methods which he formerly gave, the world will sec 
whence the simplification originated. I offered to give him an abridged 
account of my plan, for insertion in his Elements, after my negotiation 
about the alkalimeter was finished. Without consulting me on the sub* 
ject, lie publisher to the whole world, what he conceives to be the essence 
of my improvement.* 

Two motives have hitherto withheld me firom laying the instrument 
before the public. First, a desire to render it as complete as possible ; 
and secondly, aa expectation, that the Honourable Board, who superin- 
tend tJieiiDenmamifiicttires of Ireland with extensive powers, might wish 
tliat an instrument originftlly presented to them, and which is capable of 
giving tight and preciBion to all the processes of bleaching, should appear 
under their aus|»ees. 

As it npw exists, the instrument is greatly superior to that described by 
Dr. Henry. For the comtaercial alkalies and acids, I use only two test 
liquids and one seale; and these are such, that a man unacquainted with 
Science, may prepare the first, and verify the second. The instrument is 
at once an alkalimeter, an acidimeter, a complete lactometer, a nitrometer 
for estimating the vaiaeof nitre, an Indigometer for ascertaining the dyeing 
quality of indigo, and a blanchimeter for measuring the bleaching power 
of oxyninifate(dhlOKde)of lime uid potash. With it, a busy manufac- 
turer or ^lltenate w^itunaii may solve aU these useful problems in a few 
minutes ; and many others, such as the composition of alloys of silver, 
of cofyper, tin, loadj kc. the purity of white lead, and other pigments. It 
is, moreover, a eonv^ient hydrometer, comprehending in its range, light 
and heavy liquids, from ether to oil of vitriol; and is particularly adapted 
to take the specific gravity of soils. * 

It may he said,' that %he solution of the above problems may be accom- 
plished by «ny skilftil chemist. But surely, in a manufacturing nation;, 
the person who lH*higs the science of Klapro^, Sir H. Davy, Dr. Wollas- 
ton, and M. Gay'^Lnssac, inlo.the workshop of the manufacturer, is not a 
useless member of the community. 

The result of numerous researehes made with that view, has shown me 
the possibility of rendering analysis in general, a much easier, quicker, 
and more certain operation^ than it seems hitherto to have been, in ordi- 

* It votild te«ffe lilit Or. Ure lias tkise btcn satisfied that Dr. Henry intended him no in- 
jasiice, as this genUenaQ has explained to bim, that in a pp.ssnge of his Elements, "page 51!2. 
vol ii. he intended to give Dr. Ure the ci-edit of inventing an instrument Qi\ the principle of 
directly, and without calealation, indicating: the per centage of alkali in any specimen, and that 
he pretended to notliiiig more than a raodifieation of Dr. Ure's method " See letter df Dr. 
Ure, in the Jounial of Science, No. 22, p. 401, July, 1820.— ..^/nerico* Editor, 
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^ary hands. To these proctl^l ftpj^^M^kAM of sci«HleiaF^al£enitQii has 
1>een particularly directed, in conducting that departoieRt of AAdfsraon's 
Institution, destined to diffuse among the manii^clurers and mechftaics 
t)f Glat^w and its neighbotirhood, a knowiedgeoftbeacientificprkid^les 
t>f their respective arts. In a public address^ deH^^^red to the memliers of 
this class, on a grattfying occasioti in April 1S46, I remarked^ ^' That 
Europe affords no simiiiar example of a cfaim, oompOMd of sevesal kmttr 
dred artisans, mechanicians, and engineers, weekly aKenthied,* witk 
exemplary decorum, to study the iicieniBfie prkicsples of tke useful arts; 
to have the great practical truths of phikMO|^f, ^strof^alidby Hemtism 
and Lavoisier, msKle level to their vaiioiia eapaeities by funiltar d«H:rip*- 
tlons, models, and experiments. Tke oifigjfital'dei^ii of tho mechanic's 
class was limited, as you know, to the exhii^tion and exf>lanatioii'€^' me- 
chanical models. But a subjeot de«^ving par^euku* at:tentioB» nas that 
of the chemical arts, in wliichniaiiiy of you areengttff^df- akniMvkdi^of 
the scientific principles of iwMeh, as tang fat in the Colteges^ circumatfflices 
permit few of you to acquire. You have Msteimd to my chmBioal Iombbs 
with the keenest interest; and harre cpplied :yoiir sisditts tO'caiispieiKN» 
advantage. Need I a'dddce, among other things, tfaouimvalled beauty of 
the Adrianople madder dye, as executed on the most e^tieiMtire scale,t by 
individuals who have been my fail^^l pupils, for neeiifrtlie wliole'coejrse 
of my public career. -By a steady prosecution of this exptinded system of 
instruction, your ^lass has'pv&^rmnwt^f incpeaeed-iiisiwiiba^aiid i«){ior- 
tance; so that, within the last twelve yearft, I faave4leli9«red.t9^ity»o&e 
courses of lectures to upwards of six thousasd stndaiits m this departoi^mt 
alone." 

It is much to be desired, that similar courses of prolectixms ■weBe.iaed- 
tuted in all the large towns of the British empire. . The dep<H*tment of 
:lhe mechanic's class, amounting occasiofielty to. five hundred mootbers, 
might serve as a pattern to more dignified asaemWes. I have Reirer se^i 
any University class so silent and attentive. Though the evening on whiclp 
the workmen meet, be that in which they rec^ve thdr wa|^, mid wheis^ 
therefore, they might be expected to indulge themselves in drinking, yet 
no instance of intemperance has ever occurred to aiiaoy the audi^ice. 
And even during the alarms of insurreotiDii with whieh our city was dis* 
turbed last winter, the artisans contiAued with unaltered docility and 
punctuality to frequent the lectures. 

Of the actual result of such a system of instru^ioiH a st^oiger is pro- 
bably the best judge. I shall therefore quote a few seaten^a from the 
Scientific Tour through Great Britain, recently pubiktiedby an eccmsi- 
plished member of the Institute of FraBoe, M. Ch. Di^^. 

^' It is easier to visit the establishments and matm&ctures of Glftsipo^, 
than those of any other city in the Britttfa empire. Tke iibera.1 apkit of 
the inhabitants, is. In this respect, carried as far as pfMslbie, amei^ a 
manufacturing people, who must natursdly dread, and seek to prevent, 
not only the loss of their pfopoHdera^ee, but^eirioiwign rivalry. 

*< The rich inhabitants of Glasgow have fo^taded the Andersonian In- 
stitution, where are taug^^ in the erwiinga of winter, the elements of 
mechanics, physics, end ehemlstry^aa applied to tlse arts. Tliese courses 
are especially designed for young artisans, ^ho have to pay only about 
five shillings in the season (course of three months.) 

• Every Sftt&rdftj evening at eigffet o*«toek. 

I Particolarly at the establishment of H. Monteitb, Esq. M. P. w1>ere the sciences of me- 
chanics and chemistry co-operate, in a degree of precision au ' elegance, which I believe to 
be UDijaralleled in the world. 
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<< This trifling fee is exacted, ki order that the class may include 
only students actuated by the love of instruction, and willing to make 
some small sacnfrce for it. 

" The Andersonian Institution has produced astonishing effects. It is 
an admirable thing now, t5 see in many Glasgow manufactories, simple 
workmen, who understand, and explain when necessary, the principles of 
their operations, and the theoretical means of arriving at the most perfect 
possible practical results." 

The philanthropist may perhaps wish to know, at what expense of 
patrcmage this'useful department is carried on. I shall satisfy this desire^ 
by the following statement from the above mentioned public address. 

** The original design of the mechanic's class was limited, as you know, 
to the exhibition and explanation of mechanical models. But the pro- 
gress of machiBery in your workshops; has now so far outrun the state of 
the models left by the venerable Founder of the Institution, as to render 
their display, with a very few exceptions, useless, except as historical 
doeitments of the rudeness of the times in which they were framed. I 
have, accordingly, for ten years, employed chiefly modern apparatus, pro- 
cured at my own expense, and by rendering the instructions miscella- 
neous^ have adapted them better to the diversity of your pursuits. Be* 
sides teaching the usual elements of mechanics and their general combi- 
naticuis, I have made it my business to explain the properties of the at- 
mosphere, on which the action of pumps depends ; the rtature of hydro- 
static equilibrium, and hydraulic impulse, as subservient to the construc- 
tion of Bramah's press, and water*wheels ; the beautiful laws of heat so 
admirably applied to perfect the steam-engine, by our illustrious fellow- 
citizen^ iforhave I declined, in compliance with your wishes, to lay be- 
fore you from time to time, such views of the constitution of nature, in 
electricity, optics, and astronomy, as might awaken the powers of yom* 
mindftf and • reward your attention to the less attractive branches ot 
science. But a subject, deserving particular attention, was that of the 
chemical arts," &c. (as above quoted.) 

The whole experimental means at present employed in carrying on this 
Polytechnic School, have been derived from the exertions and sacri- 
fices of the Professor, and the generous aid and contributions of his pupils. 
They have supplied him with much valuable practical information on 
their respective arts, with many curious models, and subsidiary instruments 
of illustration ; while he, in return, has expended large sums of. money, 
in framing popular representations of the scientific discoveries and ini« 
provements, in which the present age is so prolific. 

To the mecft^Aic's class a library is attached, consisting of the best 
treatises on the scietiees and arts, with some valuable works on general 
literature, such as history, geography, ti^vels, &c. of which they have the 
exclusive management and perusal. -The fouiukition of it was laid in the 
year 1807, by a voluntary sttbsenption, amounting, I think, . to about 
60/.; and several books which I collected from my friends, with about 
100 volumes from my own library. Many members of the class have 
contributed from time to time; and it- has recently acquired consider- 
able extension^ from the receipts of lectures which I delivered for its 
benefit. 

Besides the acknowledged and palpable effect of such a plan of tuitio]i^ 
»n the improvement of the useful arts, it has another operation, more 
silent, but neither less certain, nor less important, namely, its influence 
in meliorating the moral condition of the operative ordsr of society. 

A taste for science elevates the character, and creates a disrelish, and 
disgust, at the debasement of intoxication. Philosophy dressed in an at- 
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tractive garb, leads away from the temptations of the tavern. Thas» tao, the 
transition from the drudgery or turmoil of the week, to the tranquillity of 
i^unday, is secured by the preceding evening's occupation. The man indeed 
whose Saturday night is spent in rioting or drunkenness, will make a bad 
Christian on the Sabbath, an indifferent workman on Monday, and an un- 
' happy husbs^id and father through the week. To promote this moral ope- 
ration of science, i have always taken occasion to point out the bene&cent 
design which the whole mechanism of nature displays. If the contemplation 
of the miseries and crimes which stain the page of history, have led some 
speculators to cavil at the government of a benevolent Creator; the con- 
templation of the harmonious laws, and benignant adjustments which the 
science of nature discloses, must satisfy every candid student, of the pre- 
sence and providence of a wise and beneficent Lawgu^er. The first and 
most exalted function of physics, then, is to dissipate the gloomy and be- 
wildering mists of metaphysics. A second function of supreme importaiice, 
is to point out the mysterious and impassable barriers, to which the clearest 
^aths of physical demonstration ultimately lead the human mind; and ^^aice 
to inculcate docility to the analogous mysteries of Revelatimi. 

I hope that the preceding statements and remarks, will remove every 
possible objection to the establishment of schools for teaching the elemonts 
of science to artisans, and that they will kiduce other cities to follow the 
example so happily set by Glasgow, of popularizing philosophy. 

Having detailed the circumstances under which I have struggled to re- 
generate this Dictionary, I hope the candid Public willmakb allowance for 
occasional faults of ex pression and arran gem ent . \\\ the articles to w hich 
the asterisks are affixed, were, with trifling exceptions, printed from my 
manuscript, written expressly for thi« work, within the last five months. 
From the style of its typography, and the manner of stating proportions of 
constituents, each plage of this volume is fully equivalent to two pages of 
our octavo systems of chemistry, and required rather more than four pag^ 
•of closely written manuscript. There is however a great advantage to the 
reader of a scientific work, (which must necessarily be compiled from many 
quarters), in an author being his own amanuensis^ Every fact and detail 
will thus be exposed to a much severer scnitiny^^than if excerpts were 
made by the scissars, or the pen of an assistant. Hence many of the pas- 
sages which may seem, at first sight, to be merely copied from other works, 
will be found to have corrections and remarks either interwoven with the 
details,or enclosed in parentheses. Thus, for example, in transcribing Mr. 
Hatchett's admirable analyses of the magnetic iron ores, computation will 
be found within parentheses, deduced fr#m Dr. Wolla$t0n'sequwatoiit scale« 
Numerous insertions and corrections are made in the repriced parts to 
which no asterisk is affixed. M. Vauquelin's general mode of analyzing 
minerals is now introduced, Professor Gahn's instructions relative to the 
bloW'^pipe, a long pas^ge under ^rseruQUB ^cid^ and many other unnoted 
insertions, such as Ci^hrofiJ^ey CAole^terine, Comfiiw^e, 

The dissertations on C^ioricr Com^mHon^ Dewi^ Duiiilm$i&n^ Electricity^ 
Gas^ Lights Thermometer^ ^. which form a large propoition of the volume, 
are beyond the letter and spirit of my engagement with the publisher. 
I receive no remuneration for tlimn, not even at the mo^ moderate r9.te of 
literary labour. They are therefore voluntary contributions to the che? 
mical student, and have been substituted for what I deenied frivolous and 
uninteresting details on some unimportant dye-atufis, and articles from old 
dispensatories, such as althea, chamomile, &c. 

For whatever isi valuable in the mineralogical department, the reader is 
ultimately indebted to Professor Jameson. The chief part of the descrip- 
tions of mineral species, is abridged from the third edition of his excel* 
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lent System. In compiling the early part of the Dictionary, I collated 
scTeraJ mineralogical works, both British and foreign ; but I soon found 
that this had been done to my hand by Professor Jameson, with much 
greater ability than I could pretend to rival; and that he had enriched 
the whole with many important remarks of his own. 

Much of the purely chemical part is drawn from that treasure of facts. 
Sir H. Dary's elements. When the subject permitted me, I was happy 
to repose on his never-iailing precision, like the wave-tossed mariner in a 
secure haven. With regard to the language used by him. Dr. Wollaston, 
M. Gay-Lussac, and some other original investigators, I have used no 
further freedom than was necessary to accommodate it to the context. 
Their expressions can very seldom be changed with impunity. There are 
other chemical writers again, whose thoughts acquire intellectual spring 
only by great condensation. If the curious reader compare the article 
DISTILLATION, in this Dictionary, with that in the Supplement to the 
Encyclopaedia Britannica, he will understand my meaning. 

In the discussion on the Atomic Theory of Chemistry, under the 
article Equivalrnts, reference is made to a table of the relative weights 
of the atoms, or of the numbers representing the firime equivalents of 
chemical bodies. On subsequent consideration, it was perceived, that 
such a list would be merely a repetition of numbers already given in their 
alphabetical places, and therefore most readily found; whilst it would 
have caused the omission of requisite tables of a different kind; the space 
allotted to the volume being entirely occupied. 

In my paper on Sulphuric Acid, published in the Tth number of the 
Journal of Science, I assigned the numbers 4, 5, 6, as respectively denot-* 
ing the prime equivalents of soda, sulphuric acid, and potash* Minute 
researches, subsequently made, on the nitrates, (Journal of Science, No, 
xii.) led me to regard 3.96, and 5.96, a9 better approximations for soda 
and potash. Throughout this Dictionary, the numbers 5.95 and 5.95 
have htkn used. It is, however, very possible that the number 6, origin 
nally assigned by Sir H. Davy for potash, may be correct; as also 4 fo? 
soda. 

Dr. Thomson has just published a paper in his Annals, (November 
1820; << On the true weight of the atoms of barytes, potash, soda," &c. 
In his experiments to determine these fundamental quantities, he ha& 
adopted Richter's original plan of reciprocal saturation of two neutro-saline 
compounds. But the Doctor seems to have forgotten, that for want of 
an initial experiment, none of his ratios is referable to the oxygen scale, 
or to any atomic radix. He oBaumet the atom of barytes to be 9.75, and 
that of potash to be 6; that of sulphuric acid being 5. He then proceeds 
< to show that the atomic weight ld.£5 of dry muriate of barytes (chloride 
of barium), and 11, that of sulphate of potash, produce perfect reciprocal 
decomposition, when their aqueous solutions are mixed. But had he 
called the atom of barytes 9.7, with Sir H. Davy and Dr. Wollaston, (the 
chloride would become 1S.2), and the atom of sulphate of potash 10.96» 
as found in my experiments on nitric acid, he would have obtained, by 
mixing the two, in these atomic proportions, as perfect an experimental 
result as with his own numbers: For 1S.25 : 11 : : 13.£ : 10.96, 

His atomic eha»^ wants, in fact, its first link; it floats loosely; and ma/ 
therefore be accommodated to a variety of different numbers, provided the 
arithmetical propot-'tionsbe observed. He ought to have commenced with 
a clear demonstration, that the atom of barytes is 9.75, and the atom of 
potash 6, referred to oxygen as unity. 

The idea, however, suggested by Dr. Prout, that the numbers reprq-? 
ffentliis the wei^ts of the different atoms, are multiples by a whole nuip.- 

c 
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'ber of that denoting hydrogen, is very ingenious, and most probably just. 
And therefore, as well as for experimental reasons, which I cannot here 
detail, I would willingly adopt 9.75 for barytes, 4 for soda, 6 for potash^ 
and 4.5 for chlorine. The atomic numbers given in this volume, for the 
various simple and compound objects of chemistry, are directly deduced 
from a mean of the most exact experiments; and I believe them to be more 
worthy of confidence, than those deducible from theoretic considerations. 
Thus, Dr. Thomson, from these, assigns 3.625 for the atom of lime; from 
experiment, it is certsdnly not so high. I have stated it from my own, at 
S.56, Dr. Marcet's analysis of the carbonate would make it about 3.5. 
In the article Equivalents (Chemical), as well as under the individual 
substances, the reader will find the primitive combining ratios, or atoms 
as they are hypothetically called, fully, and I trust fairly, investigated 
from experiment. This is the sheet-anchor of scientific research, which 
we must never part with, or we shall drift into interminable intricacies. 
We should continually bear in mind this aphorism of the master of che- 
mical Logic: *' The substitution of analogy for fact is the bane of chemi- 
cal philosophy; the legitimate use of analogy is to connect facts together, 
and to guide to new experiments." — Sir H, Davy^ Journal of Science^ 
vol. i. 

These analogical substitutions appear to be the predominant defect of 
Dr. Thomson's otherwise valuable compilation. 

The typographical economy of this work precluded me from- multiply- 
ing references at the bottom of tlie page; a plan which authors readily 
adopt to show the extent of their reading. The authorities for facts will 
be generally found interwoven with the text. The desire to condense 
much practical information, in a small compass, made me abridge many 
historical details. The progressive steps of an investigation, however, 
occasionally required to be traced, in order to make the existing state of 
our knowledge more intelligible. Whenever this seemed necessary, I 
have offered such a retrospect, and have endeavoured to take truth and 
justice for my sole guides. As the only recompense which the man of 
science usually receives or can expect, is the credit of his discoveries, 
neither prejudice nor passion should be suffered to influence the compiler, 
in awarding honour to whom honour is due. 

One of the most elegant investigations which the Science of Chemistry 
affords, is contained in M. Gay-Lussac's short letter to M. Clement, pub- 
lished in the Annales de Chimie et de Physique for July 1815, and reprint- 
ed in 1816, by M. Thenard in his valuable Traite de Chimie, iv. p. 238. 
It is there demonstrated that sulphuric ether is composed of 
2 volumes olefiant gas, 
1 volume vapour of water, 
condensed into one volume; or by weight in M. Gay-Lussac's numbers, of 
0.978 X 2 = 1.956 olefiant gas, and 
0.625 X 1 = 0.625 vapour of water. 

2.581 sum sss theoretic density of vapour, 
which differs from 2.586, the experimental density of ether vapour by only 
TWTy parts. This fine coincidence is fully developed by the French che- 
mist. Now Dr. Thomson was obviously familiar with thajL paper, for he 
copies a good part of it, (though without acknowledgment), on the con- 
stitution of alcohol, into his articles Brewing and Distillation, Sufifilement 
to Encyclofiadia Britan,^ as well as into his System published in October 
1817, vol. iv. p. 385. See Fermentation in this Dictionary. 

I was therefore equally surprised and amused at the following claim, 
recently set up by him to M. Gay-IiUssac's incontestable discovery, 
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<< The experiments which Mr. Dalton has made on the analfsis of ether, 
show in a very satisfactory manner, that the notion which I threw out in 
my System of Chemistry, that sulphuric ether is a compound of two atoms 
defiant gas, and one atom vapour of water condensed into one Tolume, is 
the true one." " Hence 2 volumes olefiant gas weigh 1.9416 
1 volume vapour of water 0.6£50 

Total 2.5666 

Specific gravity of ether vapour 2.5860.'* — Annala of Philo9ofihy^ *4uguit 
1820, p. 81. Historical Sketchy l^c. by Thomas Thomson^ M. D. isTc. 

Now, though in that Sketch the Dr. seems to show, that Mr, Dalton 
was unacquainted with M. Gay-Lussac's researches on ether, it was a, 
rather rash presumption to extend that analogy of ignorance to all other 
British Chemists. The first of the Doctor's periods, quoted above, is non- 
sense, from his use of the favourite word atom^ instead of volume. The 
statement in the second is taken from M. Gay-Iiussac^ and bears the ele^ 
gant impression of its author. 

Glasgovfy J^ov. r, 1820. 



N. B.-*-Tlie Articles with the asteriskC*), are inserted by Dr. Ure; the 
others, with the exceptions noticed in the Introduction, are reprinted 
from NiGHOLftoir's Octavo Dictionary. 



JPBBFATOBT REMARK8, BT BE. OiBE. 

Being requested by the publisher to make any additions or corrections 
in this American edition of Ure's Nicholson's Dictionary, which might to 
me appear proper, I have complied as far the allotted time would per- 
mit. This, however, was so short, that I have only been enabled to write 
on Bome of the topics, concerning which my practical experience, and 
peculiar and mature reflections, have qualified me to comment advanta- 
geously. 

The passages added by me will be distinguished by a cross (t), as those 
by Dr. Ure are by an asterisk. 

After the above was written, pursuant to my advice, the publisher en- 
gaged Dr. Franklin Bache to revise the work, and read the proois. I feel 
it due to Dr. Bache to state, that I am under the impression that he has 
performed his office with zeal and ability; and that 1 conceive the work 
will be much indebted to him for its typographical correctness. His sci- 
entific knowledge has enabled him, not only to prevent various new er^ 
rors, but to correct many previously existing in the original English 
copy. 
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ABS 

* A BSORBENT. An epithet introduc- 
iXed into chemistty by the phyucians, 
to designate such earthy substances, as 
«eemed to check diarrhcea, by the mere 
absorption of the redundant liquids. In 
this sense it is obsolete and unfounded. 
Professor Leslie has shown that the facul- 
ty of withdrawing moisture from the air, is 
not confined to substances which unite 
with water in every proportion, as the 
strong acids, dry alkalis, alkaline earths, 
and deliquescent salts ; but is possessed by 
insoluble and apparently inert bodies, in 
various degrees of force. Hence the term 
Absorbent merits a place in chemical no- 
menclature. 

The substance whose absorbent power 
is to be ezaminedy after thorough desicca- 
tion before a fire, is to be immediately 
transferred into a phial, furnished with a 
■well ground stopper. When it is cooled, 
a portion of it is transferred into a large 
wide-mouthed bottle, where it is to be 
closely confined for some time. A deli- 
cate hygrometer being then introduced, 
indicates on its scale the dryness produced 
in the inclosed air, which should have 
been previously brought to the point of 
extreme humidity, by suspending a moist- 
ened rag within the bottle. The following 
table exhibits the results of his experi- 
ments :— 

Alumina causes a dryness of 84 degrees. 
Carbonate of magnesia ... 75 

Carbonute of lime 70 

SiUca 40 

Carbonate of barytes ..... 32 
Carbonate of strontites .... 23 

Pipe cky 85 

Greenstone, or trap in powder 80 

A 



ABS 

Shellv sea sand 70 degree 

Clay indurated by torrefaction 35 

Ditto strongly i|^nited 8 

Greenstone igmted 23 

Quartz do 19 

Decomposed greenstone ... 86 
Greenstone resolved into soil 92 
Garden mould 95 

The more a soil is comminuted by laboot 
and vegetation, the grater is its absor* 
bent power. This inp^enioua philosopher 
infers, that the fertihty of soils depends 
chiefly on their dispo^tion to imbibe mois- 
ture; and illustrates this idea by recent and 
by disintegrated lava. May not the finely 
divided state most penetrable by the deh- 
cate fibres of plants, derive its superior 
power of acting on atmospherical vapour 
from the augmentation of its surface, ov 
the multiplication of the points of contact ? 

In similar circumstances 100 gr. of the 
following organic substances absorb the 
following quantities of moisture: Ivory 7 gr. 
boxwood 14, down 16, wool 18, beech 28. 
— Leslie on Heat and Moisture,* 

Absorption. By this term chemists un- 
derstand the conversion of a gaieous fluid 
into a liquid or solid, on being united with 
some other substance. It differs from con- 
densation in this being the effect of mecha- 
nical pressure, or the abstraction of caloric. 
Thus, if muriatic acid g^ be introduced 
into water, it is absorbed, and muriatic 
acid is formed ; if carbonic acid gas and 
ammoniacal gas be brought into contact, 
absorption takes place, and solid carbo' 
nate of ammonia is produced by the union 
of their ponderable bases. 

There is a case of condensation, whicli 
has sometinles no doubt been mistaken for 
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abiorption, thougli none has taken place. . 
When an inverted jar containing a gaus con- 
fined by quicksilver is removed into a 
trough of water, the quicksilver runs out, 
and is rephiced by water. But as the 
specific gravity of water is so much infe- 
rior to that of quicksilver, the column of 
water in the jar resists the atmospheric 
pressure only with one 14th of the power 
of the quicksilver, so that the gas occu- 
pies less room from being condensed by 
the increased pressure, not from absorp- 
tion. 

Abstrictiott. In the process of dis- 
tillation, the volatile products which come 
over, and are condensed in the receivers, 
are sometimes said to be abstracted from 
the more fixed part which remains behind. 
This term is chiefly used when an acid or 
other fluid is repeatedly potired upon any 
substance in a retort, and distilled off, with 
'ft view to change the state or composition 
of either. See Distillattoh. 

• AcAMTicoJTK. See Pistactte.* 

• AcKiiATss. The acer compestre, or 
common maple, yields a milky sweetish 
sap, containing a salt with basis of lime, 

I>os8essed, according- to Scherer, of pecu- 
iar properties. It is white, semi-transpa- 
rent, not altered by the air, and soluble in 
nearly 100 parts of cold, or 50 of boiling 
water.* 

• AcRRTc Aci». See Acti» (Aceric).* 

• AcKscBNT. Said of substances which 
become sour spontaneously, as vegetable 
and animal juices, or infusions. The sud- 
denness with which this change is effected 
during a thunder storm, even in corked 
bottles, has not been accounted for. In 
morbid states of the stomach, also, it pro- 
ceeds with astonishing rapidity. It is 
counteracted by bitters, antacids, and pup- 
j^tives.* 

Acetates. The salts formed by the 
combination of the acetic acid with alkalis, 
earths, and metallic oxides. See the dif- 
ferent bases. 

• AcKTic Acin. See Acid (Acetic).* 

• AcBTOMETER, An instrument for es- 
timating the strength of vinegars. It is 
described imder Acid (AcETir)> 

Acetous. Of or belonging to vinegar. 
See Acid (Acetic.) 

AcH no vatic. Telescopes formed of a 
combination of lenses, which in a great 
measure correct the optical aberration, 
arising from the various colours of light, 
are csdled achromatic telescopes. Some 
of these have been made wonderfully per- 
fect, and their excellence appears to be 
limited only by the imperfections of the 
art of ^lass-makine. The artifice of this 
capital invention of DoUond consists in se- 
lecting, by trial, two such pieces of glass, 
to form the object lenses, as separate the 
t^ously coloured layt of light to equal 



angles of divergence, at difTerent angles 
of refraction of th.e mean ray ; in which 
cas# it is evident, that« if they be made to 
refract towards contrary parts, the whole 
ray may be caused to deviate from its 
course without being separated into co- 
lours. The difficulty of the glass-maker 
is in a great measure confined to the 
problem of making that kind of glass 
which shall cause a^^at divergence of 
the coloured rays with respect to each 
other, while the mean refraction is small. 
See Glass; also Aplak^atic. 

* Acids. The most important class of 
chemical compounds. In the generaliza- 
tion of facts presented by Lavoisier and 
the associated French chemists, it was the 
leading doctrine that acids resulted from 
the union of a peculiar combustible base 
called the radical, with a common princi- 
ple technically called oxygen, or the aci- 
difier. This general position was founded 
chiefly on the phenomena exhibited in the 
formation and decomposition of sulphuric, 
carbonic, phosphoric, and nitric acids; 
and was extended b} a plausible analogyto 
other acids whose radicals were unknown. 

«* I have already shown," says Lavoisier, 
** that phosphorus is changed by combus- 
tion into an extremely light, white, flaky 
matter. Its properties are likewise en- 
tirely altered by this transformation ; from 
being insoluble in water, it becomes not 
only soluble, but so greedy of moisture as 
to attract the humidity of the air with as- 
tonishing rapidity. By this means, it is 
converted into a Uqiud, conuderably more 
dense, and of more specific gravity than 
water. In the state of phosphorus before 
combustion, it had scarcely any sensible 
taste ; by its union with oxygen, it acquires 
an extremely sharp and sour taste ; in a 
word, from one of the class of combustible 
bodies, it is changed into an incombusti- 
ble substance, and becomes one of those 
bodies called acids. 

<< This property of a combustible sub- 
stance, to be converted into an acid by the 
addition of oxygen, we shall presently find 
belongfs to a great number of bodies. 
Wherefore strict logic requires that we 
should adopt a common term for indicating 
all these operations which produce ana- 
logons results. This is the true way to 
simplify the study of science, as it would 
be quite impossible to bear all its specific 
details in the memory if they were not 
classically arranged. For this reason we 
shall distinguish the conversion of phos- 
phorus into an acid by its union with oxy- 
gen, and in general every combination of 
oxygen with a combustible substance, by 
the term oxygenaHms from this F diall 
adopt the verb to oxygenate ; and of con- 
sequence shall say, that in oxygenating 
phosphorus, we convert it into an acidi 
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^ Sulphur ilsoy in burning', abfloH» oto- 

gen gta ; the resulting acid is considera- 
bly heairier than the sulphur bumt| its 
weight is equal to the sum of the weights 
of uie sulphur which has been burnt, and 
of the oxygen absorbed ; and, lastly, this 
acid is wei^ty, incombustible andmiscible 
with water in all proportions." 

••I might multiply these experiments, 
and show, by a numerous succession of 
fact^ that all acids are formed by the com- 
bustion of certain substances ; but f am 
prevented from doing so in this place by 
the plan which I have laid down, of pro- 
ceeding only from facts already ascertained 
to such as are unknown, and of drawing 
mj examples only from circumstances al- 
ready explained In the mean time, how- 
ever, the examples above cited may suf- 
fice for giving a clear and accurate con- 
ception of the manner in which acids are 
formed. By these it may be clearly seen 
that oxygen is an element common to them 
all, and which constitutes orproduces tlieir 
acidity; and that they differ from each 
other according to the several natures of 
the oxygenated or acidified substances. 
We must, therefore, in every acid care- 
fully distinguish between the acidifiable 
base, which M. de Morveaii calls the radi- 
cal, and ** the acidifying principle or oxy- 
gen.*' Elements, p. 115. Although we 
have not yet been able either to compose 
or to decompound this acid of sea salt, we 
cannot have the smallest doubt that it, like 
all other acids, is composed by the union 
of oxygen with an acidifiable base. We 
have, therefore, called this unknown sub- 
stance the muriatic base, or muriatic radi- 
cal." P. 122. 5th Edition. 

Berthollet's sound discrimination led him 
to maintsdn that Lavoisier had g^ven too 
much latitude to the idea of oxygen being 
the universal acidifying principle. *'In 
fact,** says he, •' it is carrying the limits of' 
analogy too far to infer, that all acidity, 
even that of the muriatic, fluoric, and 
boracic acids, arises from oxygen, be- 
cause it gives acidity to a great number of 
substances. Sulphuretted hydrogen, which 
really possesses the properties of an acid, 
proves directly that acidity is not in all ca- 
ses owing" to oxygen. There is no better 
foundation for concluding that hydrogen 
is the principle of alkalinity not only in the 
alkalis, properly so called, but also in mag- 
nesia, lime, strontian, and barytes, because 
ammonia appears to owe its alkalinity to 
hydrogen. 

** These considerations prove that oxy- 
gen may be regarded as the most usual 
principle of acidity, but that this species 
of affinity for the alkalis may belong to 
substances which do not contain oxygen ; 
that we must not, therefore, always infer, 
item the addity of a sabstanee^ that it con- 



tains oxygen, alUioug^h this may he aii il^ 
ducement to suspect its existence in it; 
still less should we conclude, because a 
substance contains oxygen, that it must 
have acid properties ; on Uie contrary, the 
acidity of an oxygenated substance shows 
that the oxygen has only experienced an 
incomplete saturation in it, since its pro- 
perties rem.vin predominant." 

Amid the just views which pervade the 
early part of this quotation from Berthol- 
let, it is curious to remark the solecism with 
which it terminates. For after maintain- 
ing that acidity may exist independent of 
oxygen, and that the presence of oxygen 
does not necessarily constitute acidity, he 
concludes by considering acidity as the 
criterion of unsaturated oxygen. 

This unwarrantable generalization of 
the French chemists concerning oxyg^n» 
which had succeeded Stahl's equally un- 
warrantable generalization of a con.mon 
principle of combustibility in all combus- 
tible bodies, was first experimentally com- 
bated by Sir H. Davy, in a series of admi« 
rable dissertations published in the Philo- 
sophical Transactions. * 

His first train of experiments were insti- 
tuted with the view of operating by voltaie 
electricity on muriatic and other acids 
freed from water. Substances which are 
now known by the names of chlorides of 
phosphorus and tin, but which he then 
supposed to contain dry muriatic acid, led 
him to imagine intimately combined water 
to be the real acidifying principle, since 
acid properties were immediately develo- 
j)ed in the above substances by the add:« 
tion of that fluid, though previously thejr 
exhibited no acid powers. In July 181(/, 
however, he advanced those celebrated 
views concerning acidification, which, ia 
the opinion of the best judges, display an 
unrivalljed power of scientific research.— 
The conclusions to which' these led him, 
were incompatible with the gefieral hy- 
pothesis of Lavoisier. Me demonstrated 
that oxymuriatic acid is, as far as our know- 
ledge extends, a simple substance, which 
may be classed in the same order of natu- 
ral bodies as oxygen gas, being determined 
like oxygen to the positive surface in vol- 
taic combinations, and like oxygen com* 
bining with inflammable substances, pro- 
ducing heat and light. The combinations 
of oxymuriatic acid with inflammable bO" 
dies were shown to be analogous to o^G^ 
ides and acids in their properties and pow- 
ers of combination, but to differ froni 
them in being for the most part decompo- 
sable by water : And finally, that oxymuri- 
atic acid has a stronger attraction for most 
inflammable bodies than oxygen. His pre • 
ceding decomposition of the alkalis and 
earths having evinced the absurdity of that 
nomenclature, which gives to the general 
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iiad ^ssentiftl constituent of alkaline na^ 
ture, the term oxygen or acidiiier; his 
new discoyery of the simplicit^r of oxymu- 
fiatic acid, showed the theoretical system 
of chemical language to be equally vicious 
in another respect. Hence this philoso- 
pher most judiciously discarded the appel- 
Mtion oxymuriatic acid, and Introduced in 
its place the name chlorine, which merely 
indicates an obvious and permanent char- 
acter of the substance, its greenish yellow 
colour. The more recent investigations 
of chemists on fluoric, hydriodic, and hy- 
drocyanic acids have brought powerful 
analogies in support of the chloridic theoiy, 
by showing that hydrogen alone can con- 
vert certain undecompounded bases into 
acids well characterized, without the aid 
of oxygen. Dr. Murray indeed has en- 
deavoured to revive and new-model the 
early opinion of Sir H. Davy, concerning 
the necessity of the presence of water, or 
its elements, to the constitution of acids. 
He conceives that many acids are ternary 
compounds of a radical with oxygen and 
hydrogen ; but that the two latter ingre- 
dients do not necessarily exist in them in 
the state of water. Oil of vitriol, for in- 
stance, in this view, instead of consisting 
of 81. 5 real acid, aiul 18. 5 water in 100 
parts may be regarded as a compound of 
32.6 sulphur + 0^.2 oxygen + 2.2 hydro- 

fen. When it is saturated with an alka- 
ne base, and exposed to heat, the hydro- 
gen unites to its equivalent quantity of ox- 
ygen, to form water, which evaporates, and 
the remaining oxygen and the sulphur 
combine with the base. But when the acid 
is made to act on a metal, the oxygen part- 
ly unites to it, and hydrogen alone es- 
capes. 

<* Nitric acid^ in its highest state of con- 
centration, is not a definite compound of 
real acid« with about a fourth of its weight 
of water, but a tenary compound of ni- 
trogen, oxygen, and hydrogen. Phospho- 
ric acid is a triple compound of phospho- 
rus, oxygen, and hydrogen } and phospho- 
rous acid is the proper binary compound of 
phosphorus and oxygen. The oxalic, tar- 
taric, and other vegetable acids, are ad- 
mitted to be ternary compounds of carbon, 
oxygen, and hydrogen; and are therefore 
in strict conformity to the doctrine now 
illustrated. 

** A relation of the elements of bodies to 
acidity is thus discovered different from 
what has hitherto been proposed. When 
a series of compounds exists, which have 
certain common characteristic properties, 
and when these compounds all contain a 
common element, we conclude, with jus- 
tice, that these properties are derived 
more peculiarly rrom the action of this 
element. On this ground Lavoisier infer- 
redy by an ample induction* that oxygen i^ 



a principle of acidity. BertfaoUet brought 
into view the conclusion, that it is not ex- 
clusively so, from the examples of prussic 
acid and sulphuretted hydrogen. In the 
latter, acidity appeared to be produced by 
the action of hydrogen. I'he discovery 
by Gay-Lussac, of the compound radical 
cyanogen, and its conversion into prussic 
acid by the addition of hydrogen, confirm- 
ed this conclusion ; and the discovery of the 
relations of iodine still further established 
it. And now, if the preceding views are 
just, the system must oe still further modi- 
fied. While each of these conclusions 
are just to a certain extent, each of them 
requires to be limited in some of the ca- 
ses to which they are applied; and while 
acidity is sometimes exclusively connected 
with oxyjipen. sometimes with hydrogen, 
the principle must also be admitted, that 
it is more frequently the result of their 
combined operation. 

<< There appears even sufficient reason 
to infer, that, from the united action of 
these elements, a higher deg^e of acicfity 
is acquired than from the action of either 
alone. Sulphur affords a striking exam- 
ple of this. With hydrogen it forms a 
weak acid. With oxygen it also forms an 
acid, which, though of superior energy, 
still does not display much power. With 
hydrogen and oxygen it seems to receive 
tlie acidifying influence of both, and its 
acidity is proportionally exalted. 

" Nitrogen, with hydrogen, forms a com- 
pound altogether destitute of acidity, and 
possessed even of qualities the reverse. — 
With oxygen, in two definitive propor- 
tions, it forms oxides ; and it is doubtful 
if, in any proportion, it can establish with 
oxygen an insulated acid. But with oxy- 
gen and hydrogen in union it forms nitric 
acid, a compound more permanent, and 
of energetic action." 

It is needless to give at more detail Dr. 
Murray's speculations, which, supposing* 
them plausible in a theoretical point of 
view, seem barren in practice; at least 
their practical tendency cannot be perceiv- 
ed by the editor of this work. It is suffi- 
ciently singular, that, in an attempt to 
avoid the mysterious and violent transfor- 
mations, which, <m the chloridic theory, a 
little moisture operates on common salt, 
instantlp^ changing it from chlorine and so- 
dium, into muriatic acid and soda. Dr. 
Murray should have actually multiplied, 
with one hand, the very difficulties which, 
he had laboured, with the other, to re* 
move. 

He thinks it doubtful if nitrogen and 
oxygen can alone form an insulated acid.— * 
Hy£^g^n he conceives essential to its en- 
ergetic action. What, we may ask then^ 
exists in djy nitffe» which contaimno hj^ 
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drogen ^|' Is it nitric acid, or merely two 
of its elements, in want of a little water to 
fiimish the requisite hydrogen ? The same 
questions may be asked remtive to the sul- 
phate of potash. Since he conceives hy- 
drogen necessary to communicate fuU 
force to sulphuric and nitric acids, the mo- 
ment they lose their water they should 
lose their saturating power, and become 
incapable of retaining caustic potash in a 
neutral state. Out of tliis dilemma he 
may indeed tiy to escape, by saying, that 
moisture or hydrogen is equally essential 
to alkaline streng^, and that therefore the 
same desiccation or de-hydrogenation 
which impairs the acid power, impairs also 
that of its alkaline antagonist The result 
must evidently be, that, in a saline hydrate 
or solution, we have the reciprocal attrac- 
tions of a strong acid and alkali, while, in 
a dry salt, the attractive forces are those of 
relatively feeble bodies. On this hypo- 
thesis, the difference ought to be great 
between dry and moistened sulphate of 
potash. Carbonic acid be admits to be 
destitute of hydrogen ; yet its saturating 
power is very conspicuous in neutralizing 
dry lime. Now, oxalic acid, by the last 
analysis of Berzelius, contains no hydro- 
gen. It differs from the carbonic only in 
file proportion of its two constituents. 
And oxalic acid is appealed to by Dr. 
Murray as a proof of the superior acidity 
bestowed by hydrogen. 

On what grounds he decides carbonic to 
be a feebler acid than oxalic, it b difficult 
to see. By Berthollet*s test of acidity, the 
former is more energetic than the latter 
in the proportion of 100 to about 58 ; for 
these numbers are inversely as the quan- 
tity of each requisite to saturate a given 
base. If he be inclined to reject this rule, 
and appeal to the decomposition of the 
carbonates by oxalic acid, as a criterion of 
relative acid power, let us adduce his own 
commentary on the statical affinities of 
Berthollet, where he ascribes such chan- 
ges not to a superior attraction in the de- 
composing substance, but to the elastic 
tendency of that which is evolved. Am- 
monia separates magnesia from its muri- 
atic solution at common temperatures ; at 
the boiling heat of water, majpnesia separ- 
ates ammonia. Carbonate of ammonia, at 
temperatures under 230°, precipitates car- 
bonate of lime from the muriate ; at high- 
er temperatures the inverse decomposi- 
tion takes place with the same ingredients. 
If the oxal^ be a more energetic acid than 

f The acid in dry nitre contains water, 
and of course hydrogen. Liquid nitric acid 
is obtained from dry nitre by stronK" sul- 
phuric acid, and holds, according to toe ta- 
ble in this work, under the head of nitric 
acid, more thm » fiftk of water. 



the ecrbonic, or rank higher in the Kate 
of acidity, then, on adding to a given 
weight of liquid muriate of lime, a mix- 
ture of oxalate and carbonate of ammonia, 
each in equivalent quantity to the calca- 
reous salt, oxalate of lime ought alone to 
be separated. It will be found, on the 
contrary, by the test of acetic acid, that a« 
much carbonate of lime will precipitate as 
is sufficient to unsettle these speculations. 

Finally, dry nitre, and dry sulphate of 
potash, are placed, by this supposition, in 
as mysterious a predicament as diy muri- 
ate of soda in the chloridic theory. De- 
prived of hydrogen, their acid' and alkali 
are enfeebled or totally changed. With a 
little water both instantly recruit their 
powers. In a word, the solid sulphuric 
acid of Nordhausen, and the dry potash of 
potassium, are alone sufficient to subveK 
this whole hypothesis of hydrogenation. 

We shall introduce, under the head of 
alkali, some analogous speculations by Dr. 
Murray on the influence of the elements of 
water on that class of bodies. Etkn. Phil. 
Trans, vol. viii, part 2rf.f 

After these observations on the nature 
of acidity, we shall now state the genend 
properties of the acids. 

1. The taste of these bodies is for the 
most part sour, as their name denotes ; 
and in the stronger species it is acrid and 
corrosive. 

2. They generally combine with water 
in every proportion, with a condensation 
of volume and evolution of heat. 

3. With a few exceptions they are vo- 
latilized or decomposed at a moderate 
heat. 

4. They usually change the purple co- 
lours of vegetables to abrip^ht red. 

5. They unite in definite proportions 

f 1 conceive Mr. Murray's views on this 
subject as nearer the truth than those rf 
the editor. I had adopted conclusions 
somewhat similar, ere I met with them. . 

As Uie characteristic attributes of acidity 
are never observed in the absence of mois- 
ture, water woidd seem to have higher 
pretensions to be considered as the acidi- 
fying principle than any other ponderable 
substance. 

It may be a question, whether acids in a 
very high state of dephlegmation are really 
acids or act as such. They do not merely 
change vegetable blues ; they destroy 
them. They do not produce a sour taste 
upon the tongiie, they cauterize it, and are 
destructive of, or are destroyed by, sub- 
stances, which, in a weaker state, they 
would combine with, so as to yield them 
up uninjured in obedience to higher affi- 
nities. 

Concentrated sulphuric acid destroys or- 
ganic products, by taking up the elements 
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^ndi the •Ucalis* eutha, «nd metallic ondea, 
•ad form the impottwit oIam of salts. This 
may be reckoned their characteristic and 
indispensable property. The powers of 
the oitferent acids were ori^nally estimat- 
ed by their relative causticity and sour- 
ness, afterwards by the scale of their at- 
tractive force towards any particular base, 
and next by the quantity of the base which 
they could respectively neutralize. But 
Berthollet proposed the converse of this 
last criterion as the measure of their pow- 
ers. **The power with which they can 
exercise their acidity," he estimates '* by 
the quantity of each of the acids which is 
required to produce the same effect, viz. 
to saturate a given quantity of the same 
alkali." It is therefore the caj^acityfor 
saturation of each acid, which, in ascer- 
taining* its acidity, according to him, gives 
the comparative force of the affinity to 
which it is owing. Hence he infers, that 
the affinity of the different acids for an al- 
kaline base, is in the inverse ratio of the 
ponderable quantity of each of them which 
IS necessaiy to neutralize an equal quanti- 
ty of the same alkaline base. An acid is, 
therefore in this view, the more powerful, 
when an equal weightcan saturate a great- 
er quantity of an alkali. Hence, all those 
substances which can saturate the alkalis, 
and cause their properties to disappear, 
ought to be classed among the acids ; in 
like manner, among the alkalis should be 
placed lUl those which, by their union, can 
saturate acidity. And the capacity for 
saturation being the measure of this pro- 
perty, it should be employed to form a 
scale of the comparative power of alkalis 
as well as that of acids. 

However plausible, a priori, the opinion 

of water and leaving the carbon. Hence its 
blackening power. When diluted, it acts 
in a totally different way. Of course if it be 
an acid in the last case, it cannot be so in 
the first. In evolving carbon by its action 
on alcohol, it is precisely analogous to pot- 
ash, which darkens that fluid, and evolves 
a carbonaceous resin, which may be seen 
when the alcoholic solution of that alkali is 
evaporated, in order to obtain the hydrate. 

It seems to me that the galvanic fluid is 
the acidifying principle, and that the acid 
state is the consec^uence of galvanic ar- 
rangements or polarities. It is known that 
moisture is indispensable to the efficiency 
of these. 

On adding water to concentrated sulphu- 
ric acid, the hydrogen and oxygen seve- 
rally go to the different poles of the pre- 
vious compound. Hence the hydrogen 
avolved by iron or zinc and diluted sul- 
phuric acid, does not come from a simul- 
taneous, but a previous decomposition of 
water. 



of this illustrious philosopher may be, that 
the smaller the quantity of an acid or alka- 
li required to saturate a given quantity of 
its anta^^nist principle, ue higher should 
it rank m the scale of power and affinity^ 
it wiU not, however, accord with chemical 
phenomena. 100 parts of nitric acid are 
saturated by about 36^ of magnesia, and 
by 52^ of lime. 

Hence, by Berthollet'srule, the powers 
of these earths ought to be as the mverse 
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of their quantities, viz. — and — ; yet 

the very opposite effect takes place, for 
lime separates magfnesia from nitric acid. 
And, in the present example, the differ- 
ence of effect cannot be imputed to the 
difference offeree with which the substan- 
ces tend to assume the solid state. 

We have therefore at present no single 
acidifying principle, nor absolute criterion 
of the scale of power among the different 
acids : nor is the want of this of great im- 
portance. Experiment furnishes us with 
the order of decomposition of one acido- 
alkaline compound by another acid, wheth- 
er alone, or aided by temperature ; and 
this is all which practical chemistry seems 
to require. 

Before entering on the particular acids 
we shall here describe the general process 
by which M. Thenard has lately succeeded 
in communicating to many of them appor 
rently a surcharge of oxygen, and thus pro- 
ducing anew class of bodies, the oxygen- 
ized acids, which he has had the g^od for- 
tune of forming and making known to the 
chemical world. The first notice of these 
new compounds appeared in the Arm. de 
Chitnie et Phytique, viii. 306. for July 1818^ 
since which time several additional com- 
munications of a very interesting nature 
have been made by the same celebrated 
chemist. He has likewise formed a com- 
pound of water with oxygen, in which the 
proportion of the latter principle is dou- 
bled, or 616 times its volume is added. 
The methods of oxygenizing the liquid 
acids and water, agree in this, that deu- 
toxide of barium is formed first of all, from 
which the above liquids, by a subsequent 
process, derive their oxygen. He pre- 
scribes the following precautions, without 
which success will be only partial. 

1. Nitrate of baiytes should first be ob- 
tained perfectly pure, and, above all, free 
from iron and manganese. The most cer- 
tain means of procuring it, is to dissolve the 
nitrate in water, to add to the solution a 
small excess of barytes water, to filter and 
crystallize. 2. The pure nitrate is to be 
decomposed by heat. This ought not te 
be done in a common earthenware retort, 
because it contains too much of the oxidea 
of iron and manganese, btit in a perfectly 
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white porcelain retort Four orfive pounds 
of nitrste of barytes may be decomposed 
at once, and the process will require about 
three hours The barytes thus procured 
will contain a considerable C|uantity of si- 
lex and alumina; but it will have only 
very minute traces of man^nese andiron, 
a. circumstance of essential importance. 
3. The barytes, divided by a knife into 
pieces as laree as the end of the thumb, 
should then be placed in a luted tube of 
g-lass. This tube should be Ions' ^u^d large 
enough to contain from 2^ to Si libs. It 
is to be surrounded with fire, and heated 
to dull redness, and then a current of dry 
oxygen gas is to be passed through it. 
However rapid the current, the gas is com- 
pletely absorbed ; so that when it passes 
by the small tube, which ought to termi- 
lUkte the larger one, it may be concluded 
that the deutoxide of barium is completed. 
It is, however, right to continue the cur- 
rent for seven or eight minutes more. 
Then the tube being nearly cold, the deu- 
toxide, which is of a light grey colour, is 
taken out, and preserved in stoppered bot- 
tles. When this is moistened it falls to 
powder, without much increase of temper- 
ature. If in this state it be mixed with 
seven or eight times its weight of water, 
and a dilute acid be poured in, it dissolves 
gradually by a^tation, without the evolu- 
tion of any gas. The solution is neutral, 
or has no action on turnsole or turmeric. 
When we add to this solution the requi- 
site quantity of sulphuric acid, a copious 
precipitate of barytes falls, and the filtered 
liquor is merely water, holding in solution 
the oxygenized acid, or deutoxide of hy- 
drogen, combined with the acid itself. 

The class of acids has been distributed 
into three orders, according as they are 
derived from the mineral, uie vegetable, 
or the animal kin^om. But a more spe- 
cific distribution is now requisite. They 
have also been arranged into those which 
have a single, and those wluch have a com- 
pound ba»s or radical. But this arrange- 
ment is not only vague, but liable in other 
respects to considerable objections. The 
ehief advantage of a classification is to 
give general views to be^nners in the 
study, by grouping together such substan- 
ees as have analogous properties or com- 
position. These objects, it is hoped, will 
be tolerably well att^uned by the following 
divisions and subdivisions. 

Divinon 1st. Acids from inorganic nature, 
or which are procurable without having 
recourse to animal or vegetable products. 

Division 2d. Acids elaborated by means 
«f organization. 

The first group is subdivided into three 
families, Ist, Oxygen acids; 2d, Hydrogen 
ands; 3d, Acids destitute of both these 
supposed acidifient. 



Vamily Ist— Oxygen adds. 

Section Ist, Non-metallic. 

1. Boracic. 9. Hypophosphorous. 

2. Carbonic. 10. Phosphorous. 

3. Chloric. 11. Phosphoric. 

4 Perchloric. ^ 12. Hyposulphurous. 

5. Chloro-carbonic. 13. Sulphurous. 

6. Nitrous. 14. Sulphuric. 

7. Nitric. 15. Hypos^lphuric. 

8. lo^c. 16. Cyanic f 

Section 2d, Oxygen acids .<— Metallic. 

1. Arsenic. 6. Columbic. 

2. Arsenious. 7. Molybdic. 

3. Antimonious. 8. Molybdous. 

4. Antimonic. 9. Tungstic. 

5. Chromic. 

Family 2d.— Hydrogen acids. 

1. Fluoric. 5. Hydroprussic. 

2. Hydriodic. 6. Hydrosulphuroui. 

3. Hydrochloric. 7. HydroteUurous. 

4. Ferroprussic. 8. Sulphuroprusale. 

Family 3d.— Acids without oxygen 
or hydrogen. 

1. Chloriodic. 3. Fluoboric. 

2. Chloroprussic. 4. Fluosilidc. 

Division 2d — Acids of organic origin. 

1 . Aceric. 20. Margie. 

2. Acetic. 21. Melassic. 

3. Amniotic. 22. Mellttic. 

4. Benzoic. 23. Moroxylic. 

5. Boletic. 24. Mucic. 

6. Camphoric. 25. Oleic. 

7. Caseic. 26. Oxalic. 

8. Citric. 27. Purpuric. 

9. Formic. 28 Pyrolithic. 

10. Fungic. 29. Pyromalic. 

11. Gallic. 30. Pyrotartaric. 

12. Kinic. 31. Rosacic. 

13. Laccic. 32. Saclactic. 

14. Lactic. 33. Sebacic. 

15. Lampic. 34. Suberic. 

16. Lithic. 35. Succinic. 

17. Malic. 36. Sulphovinic t 

18. Meconic. 37. Tartaric. 

19. Menispermic. 38. Zumic. 

The acids of the last division are all decom- 
posable at a red heat, and afford general- 
ly carbon, hydrogen, oxygen, and m some 
few cases also nitrogen. The mellitic is 
found like amber in wood coal, and like it, 
is undoubtedly of organic origin. We shall 
treat of them all in alphabetical order, only 
joining those acids together which gradu- 
ate, so to speak, into each other, as hypo- 
sulphurous, sulphurous and sulphuric* 

• Acid (Aceric). A peculiar acid said to 
exist in the juice of tne maple. ItisdC" 
composed by heat, like the otlier vegetable 
acids.* 

• Acid (Acetic). The same add which* 
in a very dilute and somewhat impure state, 
is called vinegar. 
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This acid isfoand combined with potuh 

in the juices of a great many plants ; par- 
ticularly the sambucus mgra, phcenix dac- 
tiUfera, galium verum, and rbus typhinus. 
S weatfUrine, and even fresh milk contain it. 
It is frequently generated in the stomachs 
of dyspeptic patients. Almost all dry veg- 
etable substances, and some animal, sub- 
jected in close vessels to a red heat, yield it 
copiously. U is the result likewise of a spon- 
taneous ferfhentation,to which liquid Veget- 
able, and animal matters are liable. Strong 
acids, as the sulphuric and nitric, develope 
the acetic by their action on vegetables. It 
was long supposed, on the authority of 
Boerhaave, tnat the fermentation which 
forms vinegar is uniformly preceded by the 
vinous. This is a mistake. Cabbages sour 
in water, making sour crout ; starch in 
starch-makers' sour waters ; and dough it- 
self, without any previous production of 
wine. 

The varieties of acetic acids known in 
commerce are four : 1st, Wine vinegar; 2d, 
Malt vinegar; 3d, Sugar vinegar ; 4th, 
Wood vinegar. We shall describe first the . 
mode of making these commercial arti- 
cles, and then that of extracting the abso- 
lute acetic acid of the chemist, either from 
these vinegars, or directly from chemical 
compounds, of which it is a constituent. 

The following is the plan of making vin- 
egar at present practised in Paris. The 
wine destined for vinegar is mixed in a large 
tun with a quantity of wine lees, andtiie 
whole being transferred into cloth-sacks, 
placed within a large iron-bound vat, the 
liquid matter is extruded through the 
sacks by superincumbent pressure. What 
passes through is put into large casks, set 
upright, having a small aperture in their 
top. In these it is exposed to the heat of 
the sun in summer, or to that of a stove in 
winter. Fermentation supervenes in a few 
days. If the heat should then rise too high 
it is lowered by cool air, and the addition 
of fresh wine. In the skilful regulation of 
the fermentative temperature consists 
the art of making good wine vinegar. In 
summer the process is generally comple- 
ted in a fortnight ; in winter double the 
time is requisite. The vinegar is then run 
effinto barrels, which contain several chips 
of birch -wood. In about a fortnight it is 
found to be clarified, and is then fit for the 
market. It must be kept in close casks. 
The manufacturers at Orleans prefer wine 
of a year old for making vinegar. But if by 
age the wine has lost its extractive matter, 
it does not readily undergo the acetous fer- 
mentation. In this case, acetification, as the 
French term the process, may be deter- 
mined by adding slips of vines, bunches of 
grapes or green woods. It has been asserted 
that alcohol, added to fermentable liquor, 
does not increase the product of vinegar.But 



this it a Bustake. Stahl observed Ignf 9g9, 
that if we moisten roses, or lilies with d- 
cobol, and place them in vessels in which 
they are stirred from time to time, vinegar 
will be formed. He also infonns us, if after 
abstracting the citric acid from lemon juice 
by crabs' eyes (carbonate of lime), we 
add a little alcohol to the supematent li- 
quid, and place the mixture in a proper 
temperature, vinegar will be formed. 

Cnaptal says, that two pounds of weak 
spirits, sp. gr, 0.985, mixed with 300 g^rains 
of beer yeast, and a little starch water, pr». 
duced extremely strong vinegar. The acid ' 
was developed on the 5th day. The same 
quanti^ ot starch and yeast, without the 
spirit, fermented more slowly, and yielded 
a weaker vinegar. A slight motion is found 
to favour the formation of vinegar, and to 
endanger its decomposition after it is made. 
Chaptal ascribes to agitation the operation 
of thunder ; though it b well known, that 
when the atmosphere is highly electrified, 
beer is apt to become suddenly sour, with- 
out the concussion of a thunder-storm. In 
cellars exposed to the vibrations occasioned 
by the ratUing of carriages, vinegar does not 
keep well. The lees, which had been de- 
posited by means of isinglass and repose^ 
are thus jumbled into the liquor, and make 
the fermentation recommence. 

Almost all the vinegar of the north of 
France being prepared at Orleans, the 
manufactory of that place has acquired such 
celebrity, as to render their process wor- 
thy of a separate consideration. 

The Orleans' casks contiun nearly 400 
pints of wine. Those which have been al- 
ready used are preferred. They are placed 
in three rows, one over another, and in the 
top have an aperture of two inches diam- 
eter, kept always open. The wine for ace- 
tification is kept in adjoining casks,contain- 
ing beech shavings, to which the lees ad- 
here. The wine thus clarified is drawn off 
to make vinegar. One hundred pints dt 
^ood vinegar, boiling hot, are first poured 
into each cask, and left there for eight 
days. Ten pints of wine are mixed in, every 
eight days, till the vessels are full. The 
vinegar is allowed to remain in this state 
fifteen days, before it is exposed to sale. 

The it9ed casks, called mothers, are never 
emptied more than ha]f,but are successively 
filled again, to acetify new portions of wine. 
In order to judge if the mother works, the 
vinegar makers plunge a spatula into the 
liquid ; and according to the quantity of 
froth which the spatula shows, they add 
more or less wine. In summer, the atmos- 
pheric heat is sufficient. In winter, stoves 
heated to about 75° Fahr. maintain the 
requisite temperature in the manufactory. 

In some country districts, the people 
keep in a place, where the temperature is 
mild and equable, a w»ffar caxk, into 
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which they pour such wine &s they wish 
to acetify ; and it is always preserved full, 
by replacing the vinegardrawn off, by new 
wine. To establish this household manu- 
facture, it is only necessary to buy at first 
a small cask of good vinegar. At Gand a 
vinegar from beer is made, in which the 
following proportions of grain are found 
to be most advantageous : — 

1880 Paris lbs. malted barley. 
700 wheat. 

500 buckwheat. 

These g^ns are ground, mixed, and boil- 
ed, along with twenty-seven casks-full of 
river water, for three hours. Eighteen 
casks of good beer for vinegar are obtain- 
ed. By a subsecj^uent decoction, more fer- 
mentable liquid is extracted, which is mix- 
ed with the former. The whole brewing 
yields 3000 English quarts. 

In this country, vinegar is usually made 
from malt. By mashing with hot water, 
100 g^lons of wort are extracted in less 
than two hours from 1 boll of malt. When 
the liquor has fallen to the temperature of 
75° Fahr. 4 gallons of the barm of beer are 
added. After thirty-six hours it is racked 
off into casks, which are laid on their sides, 
and exposed, with their bung-holes loose- 
ly covered, to the influence of the sun in 
summer ; but in winter they are arranged 
in a stove-room. In three months this 
vinegar is ready for the manufacture of su- 
gar of lead. To make vinegar for domes- 
tic use, however, the process is somewhat 
different. The above liquor is racked off 
into casks placed upright, having a false 
cover pierced with h(nes fixed at about a 
foot from their bottom. On this a consid- 
erable quantity of rapet or the refiise from 
the makers of British wine, or otherwise a 
quantity of low priced raisins, is luid. The 
liquor is turned into another barrel every 
twenty-four hours, in which time it has 
begun to grow warm. Sometimes, indeed,^ 
the vinegar is fully fermented, ai above, 
without Uie rape, which is added towards 
the end, to communicate flavour. Two 
large casks are in this case worked togeth- 
er, as is described long ago by Uocrhaave, 
as follows. 

" Take two large wooden vats, or hogs- 
heads, and in each of these place a wooden 
grate or hurdle, at the distance of a foot 
from the bottom. Set the vessel upright, 
and on the g^te place a moderately close 
layer of green twigs, or fresh cuttings of 
the vine. Then fill up the vessel with the 
footstalks of grapes, commonly called the 
Tape, to the top of the vessel, which must 
be left quite open. 

"Having thus prepared the two vessels, 
pour into them the wine to be converted 
into vinegar, so as to fill one of them quite 
op, and the other but half full.* Leave 
them thus for twenty-four hours, and then 
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fill up the half fiDed vessel with liquor 
from that which is quite fuU, and which 
will now in its turn only be left half full. 
Four-and-twenty hours afterwards repeat 
the same operation, and thus go on, keep- 
ing the vessels alternately full and haif full 
during twenty-four hours, till the vinegar 
be made. On the second or third day there 
will arise in the half filled vessel, a fermen- 
tative ^notion, accompanied wit^ a sensible 
heat, which will gnulually increase from 
day to day. On the contrary, the ferment- 
ing motion is almost imperceptible in the 
full vessel ; and as the two vessels are al- 
ternately full and half fall, the fennenta* 
tion is by this means in some measure in- 
terrupted, and is only renewed every 
other day in each vetieL 

<< When this motion appears to have ei^ 
tirely ceased, even in the half filled vessel 
it is a sig^ that the fermentation is finished; 
and therefore the vinegar is then to be put 
into casks close stopped, and kept in a 
cool place. 

** A greater or less degree of warmth 
accelerates or checks this, as well as the 
spirituous fermentation. In f^wice it ia 
finished in about fifteen days, during the 
summer ; but if the heat of the air be veiy 
great, and exceed the twenty-fifUi degree 
of Reaumur's thermometer, (88^^ Fahr.) 
the half filled vessel must be mled up eve- 
ry twelve hours ; because, if the fermen- 
tation be not so checked in that time, it 
will become violent, and the liquor will be 
so heated, that many of the spirituous partly 
on which the strength of die vinegar de* 
pends, will be dissipated, so that nothing 
will remain after the fennentation but a 
vapid liquor, sour indeed, but effete. The 
better to prevent the dissipation of the 
spirituous parts, it is a proper and \iiual 
precaution to close the mouth of the half 
filled vessel, in which the liquor fennent^ 
with a cover made of oak wood. As to 
the full vessel, it is always left open, that 
the air may ifct freely on the liquor it con* 
tains ; for it is not liable to the same in- 
conveniences, because it ferments but vexj 
slowly." 

Good vine^ may be made from a weak 
sirup, consisting of 18 oz. of sugar to eve* 
ry gallon of water. The yeast and rapQ 
are to be here used, as above described. 
Whenever the vinegar (from the taste and 
flavour) is considered to be complete, it 
ought to be decanted into tight barrels or 
beUles, and weH secured from access of 
air. A momentary ebullition before it is 
bottled is found fiwourable to its preserva- 
tion. In a large manufactory of malt vine- 
gar, a considerable revenue is derived from 
Sie sale of yeast to the bakers. Vinegar 
obtained by the preceding methods has 
more or less of a brown colour, and a pe- 
cuXtar bnt rather grateful smeH. By dh- 
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filiation in glass resselsthe colouring mat- 
ter, which resides in a nmcilaffe* is tepa- 
tated, hut the fragrant odour is gfenerally 
teplaced hy an empyreumatic one. The 
best French wine vinej^ara, and also some 
from malt, contain a httle alcohol, which 
comes over early with the watery part, 
and renders the first product of distillation 
scarcely denser, sometimes even less dense 
than water. It is accordin^lv rejected. — 
Towards the end of the distillation the em- 

Syreuma increases. Hence only the inter- 
lediate portions are retained as distilled 
▼inegar. Its specific gravity varies from 
1.005 to 1.015, while tb^t of common vin- 
egar of equal strength varies from 1.010 to 
1.025. 

A crude vine^r has been long prepared 
for the calico printers, by subjecting wood 
in iron retorts to a strong red heat. I'he 
following arrangement of apparatus has 
been found to answer well. A series of 
cast-iron cylinders, about 4 feet diameter, 
and 6 feet long, are built horizontally in 
brick work, so that the flame of one fur- 
nace may play round about two cylinders. 
Both ends project a little from the brick 
work. One of them has a disc of cast-iron 
well fitted and firmly bolted to it, from the 
centre of which disc an iron tube about 6 
inches diameter proceeds, and enters at a 
right angle the main tCibe of refrigeration. 
The ^ameter of this tube may be from 9 
to 14 inches, according to the number of 
cylinders. The other end of the cylinder 
is cidled the mouth of the retort. This is 
closed by a disc of iron, smeared round its 
edge with clay-lute, and secured in its 
place by wedges. The charge of wood for 
such a cylinder is about 8 cwt. The hard 
woods, oak, ash, birch, and beech, are 
alone used. ¥ir does not answer. The heat 
is kept up during the day-time, and the 
furnace is allowed to cool during the night. 
Next morning the door is opened, the 
charcoal removed, and a new charge of 
wood is introduced. The average pr^uct 
of crude vinegar called pyrSlignous acid 
is 35 gallons. It is much contaminated with 
tar; is of a deep brown colour; and has 
a sp, gr. of 1.025. Its total weig-ht is there- 
fore about 300 lbs. But the residuarj' char- 
coal is found to weigh no more than one- 
fifth of the wood employed. Hence nearly 
one half of the ponderable matter of the 
wood is dissipated in incondensable gases. 
Count Rumford states, that charcoal is 
equal in weight to more than four-tenths 
of the wood from which it is made. And 
M. Clement says that it is equal to one- 
half. The Count's error seems to have 
arisen from the slight heat of an oven to 
which his wood was exposed in a glass 
cylinder. The result now given is the ex- 
perience of an eminent manufacturing 
chemist at Cilasgow. The crude pyrolig- 



aous acid is rectified by a second disdlia- 
tion in a copper still, in the body of which 
about 20 gallons of viscid tarry matter are 
left from every 100. It has now become a 
transparent brown vinegar, having a con- 
siderable empyreumatic smell* and a sp. 
gr. of 1.013. Its acid powers are superior 
to those of the best household vineear, in 
the proportion of 3 to 2. By redistillation, 
saturation with quick-lime, evaporation of 
the liquid acetate to dryness, and gentle 
torrefaction, the empyreumatic matter is 
so completely dissipated, that on decom- 
posing the calcareous salt by sulphuric 
acid, a pure, perfectly colourless, and 
grateful vineg^ rises in distillation. Its 
strength will be proportional to the con- 
centration of the aecomposing acid. 

The acetic acid of the chemist may be 
prepared in the following modes: Ist, 
Two parts of fused acetate of potash with 
one of the strongest oil of vitriol yield, by- 
slow distilUtion from a glass retort into a 
refrigerated receiver, concentrated acetic 
acid. A small portion of sulphurous acid, 
which contaminates it, may be removed by 
redistillation, from a little acetate of lead. 
2d, Or 4 parts of good sugar of lead, with 
1 part of sulphuric acid treated in the same 
way, afford a slightly weaker acetic acid. 
3d, Gently calcined sulphate of iron, at 
gi*een vitriol, mixed with sugar of lead in 
the proportion of 1 of the former to 2^ of 
the latter, and carefully distilled from a 
porcelain retort into a cooled receiirer, 
may be also considered a good economi- 
cal process. Or without distillation, if 100 
parts of well dried acetate of lime be cau- 
tiously added to 60 parts of strong sulphu- 
ric acid, diluted witn 5 parts of water, and 
digested for 24 hours, and strained,a good 
acetic acid, sufficiently strong for every 
ordinaiy purpose, will be obtained. 

I'he distillation of acetate of copper or 
oflevtdperw, has also been employed for 
obtaining strong acid. Here, however, the 
product is mixed with a portion of the fra- 
grant pyro-acetic spirit, which it is trou- 
blesome to get rid of. Undoubtedly the 
best process for the strong acid is that first 
described, and the cheapest the second or 
third. When of the utmost possible 
strength its sp. granty is 1. 062. At the 
temperature of 50® F. it assumes the solid 
form, crystallizing in oblong rhomboidal 
plates. It has an extremely pungent 
odour, affecting the nostrils and eyes even 
painfully, when its vapour is incautiously 
snuffed up. Its taste is eminently acid and 
acrid. It excoriates and inflames the 
skin. 

The purified wood vinegar, which is 
used for pickles and culinaiy purposes, 
has commonly a specific ^vity of about 
1.009; when it is equivalent in acid 
strength' to good wine or malt Tinegar of 
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1.014. It contains aboat of ^ its weight 
of absolute acetic acid, and 4| of water. 
An excise daty of 4d. is levied on eveiy 
gallon of vinegar of the above strength. 
This, however, is not estimated directly 
by its sp. gr. but by the sp. gr. which re- 
sults from its saturation with quick-lime. 
The decimal number of the sp. gr. of the 
calcareous acetate, is nearly double that of 
the pure wood vinegar. Thus. 1.009 in 
vinegfar, becomes 1.018 in liquid acetate. 
But the vinegar of fermentation te 1.014 
will become only 1.023 in acetate, from 
which, if 0.005 be subtracted for mucilage 
or extractive, the remainder will agree 
with the density of the acetate from wood. 
A glass hydrometei: of Fahrenheit's con* 
struction is used for finding the specific 
^Avities. It connsts of a globe aootit 3 
inches diameter, having a little ballast ball 
drawn out beneath, and a stem above of 
about 3 inches long, containing a slip of 
paper with a transverse line in the middle, 
and surmounted with a little cup for re- 
ceiving weights or poises. The experi- 
ments on which this instrument, called an 
hectometer, is constructed, have been de- 
tailed in the sixth volume of the Journal 
of Science. They do not differ essentially 
from those of Mollerat The following 
points were determined by this chemist. 
The acid of sp. gr. 1.063 requires 2^ times 
its weight of ci^stallized subcarbonate of 
soda for saturation, whence M. Thenard 
regards it as a compound of 11 of water, 
and 89 of real acid in the 100 parts. Com- 
bined with water in the proportion of 100 
to 112.2, it does not change its density, 
but it then remains Ucj^uid several degrees 
below the freezing pomt c^ water. By di-. 
luting it with a smaller quantity of water, 
its sp. gr. augments, a circumstance pecu- 
liar to this acid. It is 1.079, or at its maxi- 
mim, when the water forms one-third of 
the weight of the acid. ^Amu de Cfutnie^ 
Urn. 66. 

The following table is given by Messrs 
Taylor as the basis of their acetome- 
tcr:— 

Revenue proof acid, called by the man- 
ufacturer No. 24. 

Bp. gr. 1.0085 contains real acid in 100, 5 

1.0170 10 

1.0257 ..-.-.-. 15 

1.0320 20 

1.0470 30 

1.0580 40 

An acetic acid of very considerable 
strength may also be prepared by satu- 
rating perfectly dry charcoal with common 
vinegar, and then distilling. The water 
easily comes off, and is separated at first ; 
W a stronger heat is required to expel the 



acid. Or by exposing vinegar to Yeiy eold 
air, or to freezing mixtures, its water sepa* 
rates in the state of ice, the interstices of 
which are occupied by a strong acetic acid* 
which may be procured by draining. Th» 
acetic acid or radical vinegar of the apo- 
thecaries, in which they dissolve a little 
camphor, or fragrant essential oil, has a 
specific gravity of about 1.070. It c<nitains 
fully 1 part of water to 2 of the crystalliz- 
ed acia. The pungent smelling sidt con* 
sists of sulphate of potash moistened with 
that acid. Acetic acid . acts on tin, iron* 
zinc, copper, and nickel; and it combines 
readily with the oxides cf many other me- 
tals, by mixing a solution of their sulphates 
with that of an acetate of lead. 

This acid, as it exists in the acetates of 
barytes and lead, has been analyzed by M. 
M. Gay-Lussac and Thenard, and also by 
Berzelius. 

Gay-Lussac found 50.224 carbon, 5.629 
hydrogen, and 44.147 oxygen ; or, in other 
terms, 50.234 carbon, 49.665 of water, or 
its elementary constituents, and 0.111 hy- 
drogen in excess. 

Berzelius. — 46.83 carb. 6.35 hydr. and 
46.82 oxygen in the hundred parts. 

Their methods are described under Vi- 
ezTABU (Aktaltsis^. By saturating knows 
weights of bases with acetic acid, and av 
certuning the quantity of acetates obtaia" 
ed after cautious evaponttion to diynes^ 
Berzelius obtained with lime (3.56^6.5 for 
the prime equivalent of acetic acid, and 
with yellow oxide of lead 6.4 >2. Recent re- 
searches, which will be published in a de- 
tailed form, induce me to fix the prime of 
acetic acid at 6.63. It would seem to coxir 
sist, by Berzelius's analysis, of 

3 Primes of hydrogen 3.75 6.3 

4 carbon 30. 46.9 
3 oxygen 30. 46.9 

63,75 100.0 

The quantity of hydrogen is probably 
much underrated. Acetic acid dissolves 
resins, gum-resins, camphor, and essential 
oils. Its odour is employed in medicine tp 
relieve nervous headaches, faintingfits, or 
fflckness occasioned by crowded rooms. In 
a slightly dilute state, its application has 
been found to check hemorrhagy from the 
nostrils. Its anticontagious powers arc 
now littie trusted to. It is very largely 
used in calico printing. Moderately rec- 
tified pyroligpious acid has been recommen- 
ded for tiie preservation of animal food $ 
but the empyreumatic taint it communi- 
cates to bodies immersed in it, is not quite 
removed by their subsec^uent ebullition in 
water. See Acid, (Pyrohg^nous^. 

Acetic acid and common vinegar are 
sometimes fraudulently mixed with sdlr 
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pbuflic icidtogire them strength. Thi« 
adulteration may be detected by the ad- 
^tion of a little' chalk, short of their satu- 
ration. With pure vinegar the calcareous 
base forms a limpid solution, but with 
sulphuric acid a white insoluble gypsum. 
Muriate of barytes is a still nicer test. 
British fermented vinegars are allowed by 
law to contain a little sulphuric acid, but 
the quantity is frequently exceeded. 
Copper is discovered in vinegars by super- 
saturating them with ammonia, when a 
fine blue colour is produced ; and lead by 
sulphate of soda, hydrosulphurets, sulph- 
uretted hydrogen, and gallic acid. None 
of these should produce any change on 
genuine vinegar. See Lbad.* 

* Acid (OxT-ACBTic). Acetic acid dis- 
solves deutoxide of barium without efFer- 
▼escence. By precipitating the barytes 
with sulphuric acid, there remains an ox- 
ygenized acid, which, being saturated 
with potash, and heated, allows a great 
j[uaatity «f oxygen gas to escape. There 
IS diEenfMted at the same time a notable 
quantity otcarbonic acid gas. This shows 
that the oxygen, when assisted by heat, 
unites in part with the carbon, and doubt- 
less likewise with the hydrogen of the 
acid. It is in fact acetic deutoxide of hy- 
drogen. 

Baits consisting of the several, bases, 
united in definite proportions to acetic 
add, are called acetates. They are char- 
acterized by the pungent smell of vinegar, 
which they exhale on the affusion of sul- 
phuric acid ; and by their yielding on dis- 
tillation in a moderate red heat a very 
Ught, odorous, and combustible liquid 
called pyro-acetic Tsnarr); which see. 
They are all soluble in water; many of 
them so much so as to be uncrystallizable. 
About 30 different acetates have been 
formed, of which only a very few have 
been applied to the uses of life.* 

The acetic acid unites with all the alka- 
lis and roost of the earths, and with these 
bases it forms compounds, some of which 
are crystallizable, and others have not yet 
been reduced to a regularity of figure. The 
salts it forms are distinguished by their 
great solubili^ { their decomposition by 
fire, which carbonizes them ; the spontan- 
eous alteration of their solution ; and their 
decomposition by a great number ofac.ds, 
which extricate from them the acetic acid 
In a concentrated state. It unites likewise 
with most of the metallic oxides. 

With barytes the saline mass formed by 
the acetic acid does not crystallize; hut, 
when evaporated to dryness, it deliques- 
ces by exposure to air, ^ This mass is not 
decomposed by acid of wsenic By spon- 
taneous evaporation, however, it will 
crystallize in fine transparent prismatic 
needles, of a bitterish acid taste, which do 



not deliquesce when exposed to the • air, 
but rather efBoresce. 

With potash this acid unites, and forms a 
deliquescent salt scarcely ciystallizable, 
call^ formerly foliated earth of tartar, and 
regenerated tartar. The solution of this 
safi, even in closely stopped vessels, is 
spontaneously decomposed : it deposites a 
tnick, mucous, flocculent sediment, at first 
gray, and at length black ; till at the end 
of a few months nothing remains in the 
liquor but carbonate of potash, rendered 
impure by a httle coaly oil. 

With soda it forms a crystallizable salt, 
which does not deliquesce. This^t has 
very improperly been called mineral foli- 
ated earth. According to the new nomen- 
clature it is acetate of soda. 

The salt formed by dissolving chalk or 
other calcareous earth in distilled vinegar, 
formerly called salt of chalk, or fixed vegpe- 
table sal ammoniac, and by Bergman calx 
acetata, has a sharp bitter taste, appears in 
the form of crystals resembling somewhat 
ears of com, which remain di^ when ex- 
posed to the air, unless the acid has been 
super-abundant, in which case they deli- 
quesce. By distilling without addition, 
the acid is separated from the earth, and 
appears in the form of a white, acid, and in- 
flammable vapour, which smells like acetic 
ether, somewhat empyreuroatic,and which 
condenses into a readish brown liquor. 

This liquor, being rectified, is very vola- 
tile and inflammable : upon adding water 
it acquires a milky appearance, and drops 
of oil seem to swim upon the surface. 
After the rectification, a reddish brown li- 
quor remains behind in the retort, toge* 
ther with a black thick oiL When this 
earthy salt is mixed with a solution of sul- 
phate of soda, the calcareous earth is pre- 
cipitated alon^ with the sulphuric acid ; the 
acetic acid uniting with the soda, makes a 
crystallizable salt, by the calcination of 
which to whiteness, the soda may be ob- 
tained. This acetic calcareous salt is not 
soluble in spirit of wine. 

Of the acetate of strontian little is known, 
but that it has a sweet taste, is very solu- 
ble, and is easily decomposed by a stron|; 
heat. 

The salt formed by uniting' vinegar with 
ammonia, called by the vanous names of 
spirit of Mindererus, liquid sal ammoniac, 
acetous sal ammoniac, and by Ber^an al- 
kali volatile acetatum, is generally in a 
liquid state, and is commonly believed not 
to be crystallizable, as in distillation it pass- 
es entirely over into the receiver. It ne- 
vertheless may be reduced into the form 
of small needle-shaped crystals, when this 
liquor is evaporated to the consistence of 
a sirup. 

Westendorf, by adding his concentrated 
vinegar to carbonate of ammonia, obtained 
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a peDucid liquid, which did not ciysUUize ; 
and which hy distillation was totally expell- 
ed from the retort, leaving only a white 
spot. In the receiver, under rhe clear fluid, 
a transparent saline mass appeared, which 
being separated from the fluid, and expo- 
sed to gentle warmth, melted and threw out 
abundance of white vapours, and in a few 
minutes shot into sharp crystals resembling 
those of nitre. These crystals remain un- 
changed while cold, but they melt at 120® 
and evaporate at about 250®. Their taste 
at first is sharp and then sweet, and they 
possess the general properties of neutral 
salts. 

With magnesia the acetic acid unites, 
and, after a perfect saturation, forms a vis- 
cid saline mass, like a solution of gum ara- 
ble, which does not shoot into crystals, but 
remains deliquescent, has a taste sweetish 
at first, and afterwards bitter, and is soluble 
in spirit of wine. The acid of this saline 
mass may be separated by distillation with- 
out addition. 

Glucine is readily dissolved by acetic acid. 
This solution, as Vauquelin informs us, does 
not ciystaUize ; but is reduced by evapora- 
tion to a g^mmy substance, which slowly 
becomes dry and brittle ; retaining a kind' 
of ductility for a long time. It has a sac- 
charine and pretty strongly astringent taste, 
in which that of vineg^ however, is distin- 
guishable. 

Yttria dissolves readily in acetic acid, and 
the solution yields by evaporation crystals 
of acetate of 3rttria. These have common- 
ly the form of thick six-sided plates, and 
are not altered by exposure to the air. 

Alumine, obtained by boiling alum with 
alkali, and edulcorated by digesting;' in an 
alkaline lixivium, is dissolved by distilled 
vinegar in a veiy inconsiderable quantity. 
A considerable quantity of the earth of ii- 
um, precipitated by alkali, and edulcorated 
by hot water in Marg^fTs manner, is solu- 
ble in vinegar, and a whitish saline mass is 
then obtained, which is not crystallizable. 
From this mass a concentrated acetic acid 
may be obtained by distillation. Or to a 
boiling solution of aJum in water gradually 
add a solution of acetate of lead till no fur- 
tlier precipitate ensues. The sulphate of 
lead having subsided, decant the superna- 
tant liquor, evaporate, and the acetate of 
alumine may be obtained in small needle- 
shaped crystals, having a strong styptic and 
acetous taste. Tliis salt is of great use in 
dyeing and calico printing. See ALUHiif a. 

Acetate of zircone may be formed by 
pouring acetic acid on newly precipitated 
zircone. It has an astringent taste. It does 
not crystallize ; but, when evaporated to 
dryness, forms a powder, which does not 
attract moisture from the air. It is vei^ 
soluble both in water and alcohol ; and is 



not 80 easily decomposed by hest u nitate 
of zircone. 

The acetic acid has no action upon sili« 
ceous earth { for the needle-shaped crys*. ' 
tals observed by Durande in a mixture of 
vinegar with the earth precipiuted from a 
liquor of flints, do not prove the solubility 
of siUceous earth, as L.eonhardi observes. 

Concerning the action of vinegar on al- . 
cohol, see Ethbb. This acid has no effect- 
upon fat oils, except that when distilled to- 
gether, some kind of mixture takes place^ 
as the Abb^ Rbzier observes. Neither does' : 
distilled vinegar act upon essential oils ; but 
Westendorf 's concentrated acid dissolved 
about a sixth part of oil of rosemary, or one 
half its weight of camphor; which latter so- 
lution was mflammable ; and the camphor 
was precipitated from it by adding water. 

Vinegar dissolves the true gums, and part- 
ly the gum-resins, by means of digestion. 

Boerhaave observes, that vinegar by long 
boiling dissolves the flesh,carti]ages, oone% 
and ligaments of animals. 

Acid. (Axitiotic). On evaporating the 
liquor amnii of the cow to one-fourth, Vau- 
({uelin and Buniva fisund, that crystals fomv 
in it by cooling. These are contaminated 
by a portion of extractive matter,from which 
they may be freed by washing with a very 
small quanti^ of water. These crystab are 
white and shining, slightly acid to the taste, 
redden litmus paper, and are a little more 
|M>lub]e in hot than cold water. They are 
likewise soluble in alcohol. On ignited 
coals they swell, turn black, give out am- 
monia and prussic acid, and leave a bulky 
coal. With the alkalis this acid forms very 
soluble salts, but it does not decompose the 
carbonate without the assistance of heat. It 
does not precipitate the earthy salts, or the 
nitrates of mercurj*, lead, or silver. The 
acids precipitate it from its combinations 
with alkalis in a white ciystafine powder. 
Whether it exist in the amniotic hquor of 
any other animal is not known. 

Acid (ArseiticV The earlier chemists 
were embarrassea in the determination of 
the nature of the white sublimate, which is 
obtained during the roasting of cobalt and 
other metallic ores, knowji in commerce by 
the name of arsenic : its solubility in water, 
its power of combining with metals in their 
simple state, together with other apparent- 
ly heterogeneous properties, rendered it 
difficult to determine whether it ought to 
be classed with metals or salts. Subse-. 
quent discoveries have shown the relation 
it bears to both. When treated with com- 
bustible matter, in close vessels, it subKmes 
in the metallic form, (See Absknic) ; comr 
bustion, or any analogous process, converts 
it into an oxide ; and when the combustion, 
is carried still further, the arsenical basis., 
becomes itself converted into an acid. 
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We are indebted to the illi]0tri<Mit 
Scheele for the diacoreiy of this acid, 
though Macquer had befoM noticed iu 
•ombinations. It may be obtained by vm- 
fiouB methods. If nz parts of nitric acid 
be poured on one of the concrete arseniout 
acid* or white arsenic of the shops, in the 
pneumato-chemical apparatus, and heat be 
applied, mtrous gas wul be evolved, and a 
white concrete substance, differing in its 
properties fiom the arsenious acid, will re- 
main in the Tetort. This is the arsenic 
aud. It may equally be procured by means 
of aqueous chlorine, or oy heating concen- 
trated nitric acid with twice its weight of 
the solution of the arsenious acid in muri- 
atic acid. The concrete acid should be ex- 
posed to a dull red heat for a few minutes. 
In either case an acid is obtained, that does 
liot ciystallize, but attracts the moisture of 
the air, has a sharp caustic taste, reddens 
blue vegetable colours, is fixed in the fire, 
and of the specific gravity of 3.391. 

If the arsenic acid be exposed to a red 
keat in a glass retort, it melts and becomes 
transparent, but assumes a milky hue on 
eooling. If the heat be increased, so that 
liie retort begins to melt, the acid boils, and 
sublimes into the neck of tlie retort. If a 
covered crucible be used instead of the 
glass retort, and a violent heat applied, the 
acid boils strongly, and in a quarter of an 
hour begins to emit fumes. These, on be- 
ing received in a glass bell, are found to be 
arsenious acid ; and a small quantity of a 
transparent glass, difficult to fuse, will be 
founa lining the sides of the crucible. This 
Vs arseniate of alumina. 

Combustible substances decompose this 
acid. If two parts of arsenic acid be mixed 
with about one of charcoal, the mixture in- 
troduced into a glass retort, coated, and a 
matrass adapted to it ; and the retort then 
gradually heated in a re verberatory furnace, 
till the bottom is red ; the mass will be in- 
flamed violentiv, and the acid reduced, and 
rise to the neck of the retort in the metal. 
He state mixed witii a little oxide and char- 
coal powder. A few drops of water, de- 
void of acidity, will be found in the receiv- 
er. 

With sulphur the phenomena are differ- 
ent. If a mixture of six parts of arsenic 
acid, and one of powdered stilphur, be di- 
gested together, no change will take place ; 
but on evaporating to drvness, and distill- 
ing in a glass retort, fitted with a receiver, 
a violent combination will ensue, as soon as 
the mixture is sufficiently heated to melt 
the siilphur. The whole mass rises almost 
at once, forming a red sublimate, and sul- 
phurous acid passes over into the receiver. 

!f pure arsenic acid be diluted with a 
small quantity of water, and hydrogen gas, 
as it is evolved by the action of sulphuric 
acid on iron, be received into this transpa- 



rent aokifimi* Ae fiquor grows tiiAid, and 
a blackish precipitate is mrmed, which, be- 
ing well washea with distilled water, ex- 
hibits aU the phenomena of arsenic. Some- 
times, too, a olackish gray oxide of arsenic 
is found in this process. 

If sulphuretted hvdrogen gas be employ- 
ed instead of simple hydrogen gas, water 
and a sulphuret of arsenic are obtained. 

With phosphorus, phosphoric acid is ob- 
tained, and a phosphuret of arsenic, which 
sublimes. 

The arsenic acid is much more soluble 
than the arsenious. According to Lagrange, 
two parts of water are sufficient for this puiv 
pose. It cannot be crystallized by any 
means ; but, on evaporation, assumes a thick 
honey-like consistence. 

No acid has an;^ action npon it : if some 
of them dissolve it by means of the water 
that renders them fluid, they do not pro- 
duce any alteration in it. The boracic and 
phosphoric are vitrifiable with it by means 
of heat, but without any material alteration 
in their natures. If phosphorous acid be 
heated upon it for some time, it saturates 
itself with oxygen, and becomes phospho- 
ric acid. 

1 he arsenic acid combines with the ear- 
thy and alkaline bases, and forms salts very 
different from those furnished by the ar- 
senious acid. 

All these arseniates are decomposable by 
charcoal, which separates arsenic from them 
by means of heat. 

* Berzelius, from the result of accurate 
experiments on the arseniates of lead and 
barytes, infers the prime equivalent of ar- 
senic acid to be 7.25, oxygen being 1.0 ; 
but Dr. Thomson, from his experiments on 
the arseniates of potash and soda, conceives 
that the double of the above number ought 
to be preferred, viz. 14.5. ^n. <^.PhiL 
vol, XV. 

On the latter supposition, Berzelius^s in- 
soluble salts will consist of two primes of 
base and one of acid ; and the acid itself will 
be a compound of 5 of oxygen — 5, + 9.5. 
of the metallic base — 14.5 ; for direct ex- 
periments have shown it to consist of 100 
metal, and from 52 to 53 oxygen. But 
152.5 : 100 : : 14.5 : 9.5 nearly. 

All its salts, with the exception of those 
of potash, soda, and ammonia, are insoluble 
in water ; but except arseniate of bismuth, 
and one or two more, very soluble in an 
excess of arsenic acid. Hence, after ba- 
rytes or oxide of lead has been precipitated 
by this acid, its farther addition redissolves 
the precipitate. This is a useful criterion 
of the acid, joined to its reduction to the 
metallic state by charcoal, and the other 
cliaracters already detailed. Sulphuric 
acid decomposes the arseniates at a low 
temperature, but the sulphates are 'de- 
composed by arsenic aCid at a. red heat, 
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oving^ to the greater fis^ of the latter. 
Phosphoric, nitric, muriatic, and fluoric 
acids, dissolve, and probably convert into 
subsidts all the araeniates. The whole of 
them, as well as arsenic acid itself when 
decomposed at a red heat by charcoal, 
yield the characteristic garlic smell of the 
metallic vapour. Nitrate of silver g^ves a 
pulverulent brick-coloured precipitate, or, 
according to Dr. Thomson, a nesh red, 
with arsenic acid. The acid itself does not 
disturb the transparency of a solution of 
sulphate. of copper; but a neutral arseni- 
ate gives with it a bluish, green precipitate; 
with sulphate of cobalt, a dirty red, and 
with sulphate of nickel, an apple g^een 
precipitate. These precipitates redissolve, 
on adding a small quantity of the acid 
which previously held them in solution. 
Orfila says, that arsenic acid g^ves, with 
acetate of co{)per, a bluish white precipi- 
tate, but that it exercises no action eitiier 
OQ the muriate or acetate of cobalt ; but 
with the ammonia-muriate it gives a rose- 
coloured precipitate. Arsenic acid ought 
to be accounted a more violent poison than 
even the arsenious. Accordinp^ to Mr. 
Brodie, it is absorbed, and occasions death 
by ac^g on the bndn and the heart * 

The arseniate of bar^tes is insoluble, 
oncrystallizable, soluble m an excess of its 
acid, and decomposable by sulphuric acid, 
which precipitates a sulphate of barytes. 

^the arseniate of strontian nothing is 
known, but no doubt it resembles that of 
barytes. 

With fime-water this acid forms a pre- 
cipitate of arseniate of lime, soluble in an 
excess of its base, or in an excess of its 
acid, thouj^h insoluble alone. The acidu- 
lous arseni»t^ of lime affords on evapora- 
tion tittle crystals, decomposable by sul- 
phuric Acid. The same salt may be formed 
by adding carbonate of lime to the solu- 
tion of arsenic acid. Tliis acid does not 
decompose the nitrate or muriate of lime ; 
but the saturated alkaline arseniates de- 
compose them by double affinity, precipi- 
tating the insoluble calcareous arseniate. 

If arsenic acid be saturated with magne- 
sia, a thick substance is formed near the 
point of saturation. This arseniate of magp- 
nesiais soluble in an excess of acid; knd 
on being evaporated takes the form of a 
jelly, without ciystallizin|;'. Neither the 
sulphate, nitrate, nor munate of magne- 
sia is decomposed by arsenic acid, though 
they are by the saturated alkaline arseni- 
ates. 

Arsenic acid saturated with potash does 
not easily crystallize. This arseniate, be- 
in^ evaporated to dryness, attracts the hu- 
nudity of the air, and turns the sirup of 
violets green, without altering the solu- 
tion of Htmus. It fuses into a white glass, 
end with a strong fis-e is converted into an 



acidule, part of the alkali b^gabstitcted 
by the silex and alumina of the crucible. 
If exposed to a red heat with charcoal in 
close vessels it swells up very much, and 
arsenic is sublimed. It is decomposed by 
sulphuric acid; but in the humid way the 
decomposition is not obvious, as the arse- 
nic acid remains in solution. On evapora^ 
tion, however, this acid and sulphate of 
potash are obtained. 

If arsenic acid be added to thepreceding 
salt, till it ceases to have any enect on the 
sirup of violets, it will redden the solu- 
tion of litmus ; and in this state it aflbrda 
very regidar and very transparent crystali^ 
of the figure of quadrangular prisms, ter- 
minated by two tetraec^al pyramids, the 
angles of which answer to those of the 
pnsms. These crystals are the arsenical 
neutral salt of Macquer. As this salt dif- 
fers from the preceding arseniate by its 
crystallizability, its red&mne solution of 
litmus, its not decomposing the calcareous, 
and magnesian salts like it, and its capa- 
bility of absorbing an additional portion of 
potash, so as to become neutral, it ought 
to be distinguished from it by the term of 
acidulous arseniate of potash. 

With soda in sufficient quantity to sata« 
rate it, arsenic acid forms a salt crystalU- 
zable like the acidulous arseniate of pot- 
ash. PeUetier says, that the crystids are 
hexaedral prisms terminated by planes 
perpendicular to their axis. This neutnd 
arseniate of soda, however, while it differa 
completely from that of potash in this re- 
spect, and in becoming deliquescent in- 
stead of crystallizable on the addition of a 
surplus portion of arsenic acid, resembles 
the arseniate of potash in its decomposi- 
tion by charcoal, by acids, and by the 
earths. 

Combined with ammonia, arsenic acid 
forms a salt affording rhomboidal crystals 
analogous to those of the nitrate of soda. 
The arseniate of ammonia, which is pro- 
duced likewise in the decomposition of 
nitrate of ammonia by arsenious acid, is 
decomposable in two ways by the action 
of heat. If it be gently heated, the ammo- 
nia is evolved, and the arsenic acid is left 
pure. If it be exposed to a violent and 
rapid heat, part of the ammonia and part 
of the acid reciprocally decompose each 
other ; water is formed ; azotic g^s is ^iven 
out ; and the arsenic sublimes in a shming 
metallic form. Magnesia partly decompo- 
ses the arseniate of ammonia, and forms a 
triple salt with a portion of it- 
Arsenic acid saturated with alumina 
forms a thick solution, which, being eva- 
porated to dryness, yields a salt insoluble 
in water, and decomposable by the sul- 
phuric, nitric and muriatic acids, as well 
as by all the other earthy and alkaline ba- 
ses. The arsetiic add readily dissolves the 
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alumina of the crucibles in which it is re- 
duced to a state of fusion ; and thus it at- 
tacks silex also, on which it haa no effect 
in the humid wav. 

We know nothing of the combination of 
this acid with zircone. 

By the assistance of a strong (ire, as 
Fourcroy asserts, arsenic acid decompo- 
ses the alkaline and earthy sulphates, even 
that of barytes ; the sulphuric acid flying 
off in vapour, and the arseniate remaining 
in the retort. It acts in the same manner 
on the nitrate, from wluch it expels the 
pure acid. It likewise decomposes the 
muriates at a high temperature, the muri- 
atic acid bein|f evolved in the form of gas, 
and the arsemc acid combining with their 
bases, which it saturates ; while the arse- 
nious acid is too volatile to have this effecti 
It acts in the same manner on the fluates, 
and sHlImore easily on the carbonates, 
with which, by the assistance of heat, it 
excites a brisk effervescence. Lag^range, 
however, denies that it acts on any of Uie 
neutral salts, except the sulphate of pot- 
ash, and soda, the nitrate of potash, and the 
muriates of soda and ammonia, and this by 
means of heat. It does not act on the phos- 
phates, but precipitates the boracic acid 
nt>m solutions of oorates when heated. 

Arsenic acid does not act on gold or 
platina; neither does it on mercury or 
nlver without the aid ofa strong heat; but 
it oxidizes copper, iron, lead, tin, zinc, 
bbmuth, antimony, cobalt, nickel, manga- 
nese, and arsenic. 

This acid is not used in the arts, at least 
directly, though indirectly it forms a part 
of some composition used in dyeing. It is 
likewise one of the mineralizing acids 
combined by nature with some of me me- 
tallic oxides. 

Acid (ABSSNiors). Fourcroy was the 
first who distinguished by this name the 
white arsenic of the shops, which Scheele 
had proved to be a compound of the metal 
arsenic with oxygen, and which the au- 
thors of the new chemical nomenclature 
had consequently termed oxide of arsenic. 
As, however, it manifestly exhibits the 
pn>perties of an acid, though in a slight 
degree, it has a fair claim to the title ; for 
many oxides and acids are similar in this, 
that both consist of a base united with 
oxygen, and the only difference between 
th.em is, that the compound in which the 
acid properties are manifest is termed an 
acid, and that in which they are not is 
called an oxide. 

This acid, which is one of the most vi- 
rulent poisons known, frequently occurs 
in a native state, if not very abundantly ; 
and it is obtained in roasting several ores, 
particularly those of 6oba1t. In the chim- 
neys of the furnaces where this operation 
is conducted^ it generally ooQdenses in 



thick semi-transparent masses; though 
sometimes it assumes the form of a pow« 
der. or of little needles, in which state it 
was formerly called flowers of arsenic. 

The arsenious acid reddens the most 
sensible blue vegetable colours, though it 
turns the sirup of violets green. On ex- 
posure to the air it becomes opaque» and 
covered with a slight efflorescence. — 
Thrown on incandescent coals, it evapo- 
rates in white fumes, with a strong smeU 
of nirlic. In close vessels it is volatilized; 
ana, if the heat be strong, vitrified. The 
result of this vitrification is a transparent 

glass, capable of crystallizing in tetraedra, 
le angles of which are truncated. It is 
easily altered by hydrogen and carbon, 
which deprive it of its oxygen at a red 
heat, and reduce the metal, the one form- 
ing water, the other carbonic acid, with 
the oxygen taken from it : as it is by phos- 
phorus, and by sulphur, which are in part 
converted into acids by its oxygen, and in 
part form an arsenical phosphuret or sul- 
phuret with the arsemc reduced to the 
metallic state. Hence Margraafand Pel- 
letier, who particularly examined the 
phosphurets of metals, have asserted tliey 
might be formed with arsenious acid. Its 
specific g^v!t)r is 3,7, 

It is soluble in thirteen times its weight 
of boiling water, but requires eighty times 
its weight of cold. The solution crystal- 
lizes, and the acid assumes the form of re- 
gular tetraedrons according to Fourcroy ; 
but, according to Lagrange, of octaedrons, 
and these frequently varying in figure bv 
different laws of decrement. It crystallizes 
much better by slow evaporation than by 
simple cooling. 

• The solution is very acrid, reddens 
blue colours, unites with the earthy bases, 
and decomposes the alkaline sulphurets. 
Arsenious acid is also soluble in oils, spir- 
its, and alcohol ; the last taking up from 1 
to 2 per cent. It is composed of 9.5 of me- 
tal -4- 3 oxygen ; and its prime equivalent 
is therefore 12.5. Dr. Wollaston first ob- 
served, that when a mixture of it with 
quick-lime is heated in a glass tube, at a 
certain temperature, ignition suddenly per- 
vades the mass, and metallic arsenic sdb- 
limes. As arseniate of lime is found at the 
bottom of the tube, we perceive that a 
portion of the arsenious acid is robbed of 
Its oxygen, to complete the acidification 
of the rest.* 

There are even some metals, which act 
upon the solution, and have a tendency to 
decompose the acid, so as to form a black- 
ish precipitate, in which the arsenic is very 
slightly oxidized. 

The action of the other acids upon the 
arsenious is very different from that which 
they exert on the metal arsenic- By boil- 
ing, sulphuric fiQid dissolves a small por- 
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tioik of it, wluch is prrapitafted u tbe to- 
lutioa cools. The nitric acid does not dis- 
solve it, but hj the help of heat converts 
it into arsenic acid. Neither the phospho- 
ric nor the c&ri>onic acid acts upon it ; yet 
h entets into a vitreous combiriation with 
the phosphoric and boracic acids. The 
muriatic acid dissolves it by means of heat, 
and forms with it a volatile compound, 
which water precipitates; and aqueous 
chlorine acidines it completely, so as to 
convert it into arsenic acid. 

The arsenious add combines with the 
eartliy and alkaline bases, llie earthy ar- , 
seniates possess little solubility, and hence 
the solutions of baiytes, strontian, and 
lime, form precipitates with that of arse- 
nious acid. 

I'he a^d enters into another kind of 
combination with the earth's, that formed 
by vitrification. Though a part of tiiis vola- 
tile amd sublimes before tne ^lass enters 
into fusion, part remains fixed m the vitri- 
fied substance, to which it imparts trans- 
parency, a homogeneous density, and con- 
siderable gravity. The srsenical glasses 
appear to contain a kind of triple salt, 
since the salt and alkalis enter into an in- 
timate combination at the instant of fusion, 
and remain afterwards perfectly mixed. All 
of them have the inconvenience of quick- 
ly growing dull by exposure to the air. 

With the fixed alkalis the arsenious acid 
forms thick arsenites, which do not crys- 
tallize ; which are decomposable by fire, 
the arsenious acid being volatilized by the 
heat ; and from which all the other acids 
precipitate this in powder. These saline 
compounds were formerly termed livers, 
because they were supposed to be analo- 
gous to the combinations of solphur with 
the alkalis. 

With ammonia it forms a salt capable of 
ofystallization. If this be heated a little, 
the ammonia is decomposed, the nitrogen 
is evolved, while the hydrogen, uniting with 
part of the oxygen, of the acid, forms water. 

Neither the earthy nor alkaline ftrsen- 
ites have yet been much examined ; what 
is known of them being only suiBcient to 
distinguish them from the arseniates. 

The nitrates act on the arsenious acid 
in a very remarkable manner. On treating 
the nitrates and arsenious acid together, 
the nitrous acid, or nitrous vapour, is ex- 
tricated in a state very difficult to be con- 
fined, as Kunckel long ago observed ; part 
of its oxygen is absorbed by the arsenious 
acidi it is thus c-onverted into arsenic acid, 
and an arseniate is left in the retort I'he 
same phenomena take place on detonating 
nitrates with arsenious acid ; for it is still 
sufficiently combustible to produce a de- 
tonation, in which no sfwrks are seen, it 
is true, but with commotion and efferves^ 
cence ; and a true arseniate remuns at 
the bottom of the ci*ucible. It was in this 

Vol. L [3] 



wmyehemlsbi fbrmeriy prepared thdr filed 
arsenic, which was the acidulous arseni« 
ate of potash. The nitrate of ammonia ex« 
hibits different phenomena in its decom- 
position by arsenious acid, and requires 
constdersble precaution. Pelletier, having 
mixed equal quantities, introduced the 
mixture into a large retort ni coated ^;las8^ 
placed in a reverberatoiv furnace, with a 
l^obular receiver. He Degan with aveiy 
slight fire ; for the decomposition is so «»- 
pid, and the nitrous vapours issue with 
such force, that a portion of the arsenious 
acid is carried off* undecomposed, unless 
you proceed very ffently. If due care be 
taken that the oecompoattion proceeds 
more slowly, nitrous acid first comes ov6rs 
if the fire be continued, or increased^ am- 
moiua is next evolved; and lastly, if the 
fire be urged, a portion of oxide of srsen- 
ic sublimes in the form of a white poir- 
der, and a vitreous mass remains in the re- 
tort^ whichpoweifully attacks and cor« 
rodes it. This is arsenic acid. The chh^ 
rate of potash, too, by completely oxidis* 
ing the arsenious acid, converts it into ar- 
senic acid, which by the assistance of heat^ 
iSf capable of decomposing the muriate of 
potash that remains. 

The arsenious acid is used in numerous 
instances in the arts, under the name of 
white arsenic, or of arsenic simply. In 
many cases it is reduced, and acts in its 
metallic state. 

Many attempts have been made to in- 
troduce it into medicine; but as it is 
known to be one of the most violent pm* 
sons, it is probable that the fear of its bad 
effects may deprive society of the advan* 
tages it might afford in this way. An ai^ 
senite of potash was extennvely used by 
the late Dr. Fowler of York, who publish- 
ed a treatise on it, in intermittent and re- 
mittent fevers. He likewise assured the 
writer, that he had found it extremely effi^ 
cacious in periodical headache, and as a to- 
nic in nervous and other disorders ; an4 
that he never saw the least ill effect from 
its use, due precaution being employed in 
preparing and administering it. Exter- 
nally it has been employed as a caustic to 
extirpate cancer, combined with sulphur, 
with bole, with antimony, and with the 
leaves of crowfoot; but it always gives 
great pain, and is not unattended with 
danger. Febure's remedy was water one 
pint, extract of hemlock 3j, Goulard's ex- 
tract §uj, tincture of opium 5J, arsenious 
acid gr. x. With this th^ csncer was wet"- 
ted morning^ and evening : and at the same 
1;ime a small quantity oS a weak solution 
was administered internally. A still milder 
application of this kind has been made 
from a solution of one grain in a quart of 
water, formed into a poultice with crumb 
of bread. 

* It has been mere htel^ used as m tl«^ 
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Afttism. The symptoBM which show the 
■yvtett to be anemjied are thickness, rcd- 
iies% and stifiness of the pd^ebr^t^ sorenes» 
of the glims, ptyalisun itchini^ over the 
■iirftoe of the body, restlessneM, cough, 
pain at stomachy and headadie. When 
the Utter symptoms supervene, the admi* 
wstrataon « the medicine ought to be im- 
nediaitely suspended. It has abo been re- 
commended against chincough ; and haa 
been used in coosidemble doses with suc- 
cess, to counteract the poison of venemous 
•erpents. 

Since it acts on the animal economy as % 
deadly poison in quantities so minute as to- 
be insensible to^ the taste when diffused in 
water or other vehicles, it has been often 
given wjth criminal intentkma and fatal e& 
Sects. It becomes therefore a matter of the 
utmost importance to present a systematic 
view of the pfaenoniena characteristic of 
the poison,. it» operation, and consec^uen- 
ces* 1st, It is a dense substance, subsiding 
speedily after agitation in water. I find its 
sp. gr^to vary from 3.728 to 3.730, which 
is a little hi^er than the number given 
Cbove ; 72 p«ls dissolve in 1000 of boiling 
water, of which 30 remain in it, after it 
cools. Cold water dissolves, however, on- 
^ TTftrs" or tV ^ ^^ preceding quanti- 
ty. This water makes the sirup of violets 
gre^n, and reddens litmus paper. T.ime 
water gfives a fine white precipitate with 
it of aVsenite of lime, soluole in an excess 
<if the arsemous solution. iSulphuretted hjr- 
drogen gas, and hydrosulphuretted water 
J^recipitate a golden yellow sulphuret of 
tteenic By this means -nj.TjW of arsen- 
ious acid majr be detected in water. This 
sulphuret dried on a filter, and heated in 
a glass tube with a bit of caustic potash, is 
decomposed in' a few minutes, and con* 
verted into sulphuret of potash, which re- 
fn^ns at the bottom, ana metallic arsenic 
of a bright Steel lustre, which sublimes, 
toaling tlie sides of the tube. The hydro- 
iulphurets of alkalis do not aifect the ar- 
tenious solution, unless a drop or two of 
liitric or muriatic acid be poured in, when 
the characteristic gulden yellow precipi- 
tate falls. Nitrate of silver is decomposed 
by the arsemous acid, and a very peculiar 
yellow arsenite of silver precipitates, which 
however, is apt to be redissolved by nitric 
acid, and therefore a very minute addition 
of ammonia is requisite. Even this how- 
ever, also, if in much excess, redissolves 
the nlver precipitate. 

As the nitrate of silver is justly regarded 
as one of the best precipitant tests of arsen- 
ic, the mode of using it has been a sub- 
ject of much discussion. The presence of 
muriftte of soda indeed, in thie arsenical so- 



VtAsm, obctvoet%' ton certun degree, liie 
operation of this reagent But, that salt is^ 
almost dways preaent in the prinue vUt^ 
and is a usual ingredient in soim»^and 
other vehicles of the poison. 1^ after the 
water of ammonia has been added, by 
pknging the end of argiass rod dipped in 
It into the supposed poisonous liquid, we 
dip anoth^ rod into a sohition of pure 
nitrate of silveK> snd transfer it into the 
anenious solution, either a fine yellow 
cloud will be formed,, or at first merely a 
white curdy precipitate. But at the se- 
cond or thini immersion of the nitrate rod,, 
a central spot of yellow will be perceived 
■urrouncfea with the white muriate of sil- 
ver. At the next immersion tUs yellow 
cloud on the surfiice will become veiy 
conspiouonSi. Sulphate, of soda does not 
interiere in the least with the silver test. 
The ammoniaco-sulphate, or rather ammo- 
niaco-aoetate of copper, added in a some- 
what dilute state to an arsenious solution» 
gives a fine ^n^^ green uid very charac- 
teristic precipitate. This green arsenite 
of copper, well washed, being acted on by 
an excess of sulphuretted hysfbog^n water,, 
changes its colour ai id becomes of a brown* 
ishred. Feiro-Prussiate of potash changes 
it into a blood red. . Nitrate of silver con« 
verts it into the yellow arsenite of silver* 
Lastly, if the precipitate be dried on a fil-*^ 
tor, and placed on a bit of burning coal, it 
will diffuse a garlic odour. The cupreous 
test will detect rnnnr? ^^ ^^ weight of 
the arsenic in water. The voltuc battery, 
made to act by two wires on -a littie arse- 
nious solution placed on a bit of window- 
glass, developes metallic arsenic at the ne- 
gative pole ; and if this wire be copper, it 
will be whitened like tombac. We may 
here remark, however, that the most ele- 
gant mode of using all these precipitation 
reagents is upon a plane of glass, a mode 
practised by Dr. WoUaston in general 
diemical research, to an extent, and whh 
a success, which would be incredible in 
other hands than his. Concentrate by heat 
in a capsule the suspected poisonous So- 
lution, havuiff previously filtered it if ne- 
cessaiy. Indeed, if it be veiv much dis- 
used with animal or vegetable matters^ 
It is better first of all to evaporate to dry- 
ness, and by a few drops of nitric acid to 
dissipate the organic products. The clear 
Hquid being now placed in the middle of 
the bit of glass, lines are to be drawn out 
from it in different directions. To one of 
these a particle of weak ammoniacal water 
being applied, the weak nitrate of silver 
may then be brushed over it with a h«r 

Sencil. By placing the glass in different 
ghts, either over white paper or oblique- 
fy before the eye, the slightest change of 
liat will be perceived^ The ammoniaco- 
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«cetete shisQld h% applied to aaodwr iUa- 
ment of the.drop, deiil-aoctate <^ iron to a 
third, weak amrooniaco-acetate of cobalt 
to a foorthy tulphuvetted water to a fifth, 
iime water to a nxtb, a drop of violet sirup 
to a aeirenth, and the two galTanic wires 
at the opposite edg^es of the whole. Thos 
with one single drop of solution many 
exact experiments ma^ be made- But 
the chief, the decisive truAor txperimentum 
trucU remains, which is to take a little of 
the diy matter, mix it with a small pinch 
of diy black flux, put it into a narrow glass 
tube sealed at one end* and al^er cleansing 
its ades with a feather, uige its bottom 
irith a blow-pipe till it be distinctly red 
hot for a minute. Then garlic fumes will 
be sm^t, and the steeMustred coating of 
metallic arsenic wiH be seen in the tube 
about one-fourth of an incbsbove its bot- 
tom. Cut the tube across at that point by 
means of a fine file, detach the scale of 
arsenic with the p<Hnt of a penknife ; put 
a fragment of it into<t)fee bottom of a small 
wine glass along with a few drops c^ am- 
moniaco-acetate of copper, and triturate 
them well together for a few minutes with 
« round hea&d glass rod. The mazsrine 
bhie colour will soon be transmuted intoA 
lively grass green, while the metellic scale 
will vanish. Thus we distinguish perfect- 
ly between a particle of metallic arsenic 
and one of animaUzed charcoal, \notuer 
particle of the scale may be placed be- 
tween two smooth and bright surfaces of 
copper, with a touch of fine, ml ; and whilst 
they are firmly pressed together, exposed 
to a red heat. The tombac alloy will ap- 
pear as a white stain. A third particle may 
be placed on a bit of heated metal, and 
held a little under the nostrils, when the 
garlic odour will be recognized. No daar 
ger can be apprehended, as the fraj^ent 
noed not exceed the. tenth of a gram. It 
is to be observed, that one or two of tlte 
precipitation tests may be equivocal from 
admixtures of various substances. Thus 
tincture of ginger gives with the cupreous 
reagent a green precipitate ;<*-and the 
writer of this article was at first led to sus- 
pect from that appearance, that an empi- 
rical tincture, put into his hands for ex- 
amination^ did contain arsenic. But a care- 
ful analysis satisfied him of its genuineness. 
Tea covers arsenic firom the cupreous test. 
Such poisoned tea beeoaes by its addi- 
tion of an obscure olive or violet red* but 
yields scarcely any preeipitate. Sulphiib- 
letted hydrogen, however, throws down a 
fine yellow sulphuret of arsenic. 

Another way of obviatii^ all. these 
sources of fallacy, is to evaporate caiefiil- 
ly to dryness, luid enose the residue to 
heat in a glass tube. The arsenic sublimely 
And may be operated cm without ambigui> 
jty. Mr. Qxfila has gwevictQjNmpie details 



mi the M^Gficatiopis piotetd by ^^ 
cofiee, tea, broth, &c. on arsenical tesl^ 
of which a good tabular abstract is given 
in Mr. Thomson's London Dispensatonr. 
But it is evident that the differences in 
these menstrua, as also in beem, are so 
great as to render precipitaitions and 
ohangea of ctolour by reagents veiy unaa- 
tisftit^ary witnesses, in a caseof hfe and 
4eath. Hence the method of evaporation 
Above described, should never be neglect- 
ed. Should the arsenic be combined with 
oil^ the mixture ought to be boiled with 
water, and the oil then separated by the 
ca(>illai7 action o^ick-threads. If wi|h 
resinous substances, Uiese may be remoy- 
ed by oil of turpentine, not b^ alcohol, (m 
directed by Dr. Blacl^) which is a gocid 
solvent of arsenious acid. It may more» 
over be observed, that both tea and coffee 
should be freed from their tannin b^ gela- 
tin, which does not act on the arsemc, pr^- 
vious to the use of reagents for the poison- 
When one part of arsenious acid in wstciy 
solution is added to 10 parts of milk» the 
sulphuretted hydrogen present in the let- 
ter, occasions the white colour to pass in- 
to a canaiy yellow % the cu|peeous test givei 
it a slight green tint* and the nitii^ of sil- 
ver produces no visible chanee, thou|^ 
even more arsenic be added; but the by- 
drosulphurets throw down a golden yi^ 
low, ij^ith the aid of a lew dnqM of an acif. 
The liquid contained in the stomach cf (a 
rabbit poisoned with a solution of 3 gnuQS 
of arsenioua acid« afforded a white preci- 
iritate with nitrate of silver, grayish white 
Mrith lime water, green wiUi the ammoni- 
aeo-sulphate, and deep yellow with su|p 
phuretted hydrogen water. 

The preceding copious description of 
the habitudes of arsenious acid in differ- 
ent circumstances, is equally applicable ^ 
the soluble arsenites. Their poisonous 
operation, as well as that of the arsenic 
acid, has been satisfactorily referred by 
Mr. Brodie to the suspension of the func- 
tions of the heart and brain, occasioned by 
the absorption of these substances into the 
circulation, and their conse(]pientdetenm- 
nation to the nervous system and the ali- 
mentary canal. This proposition was es- 
tablished by numerous experiments op 
rabbits and dof^ IVounds were inflictec^ 
and anenic being applied to them, it wa^ 
found that in a maX time death superv^ 
ned with the same symptoms (^inflamma- 
tion of the stomach and bowelH, as if th^ 
poison had been swaQowed. He dividea 
the moriiid affections into three classes: 
1st, Those depending on the nervous sys- 
tem, as palsy at first of the posterior ex- 
tremitiea, and then of the rest of the body, 
convulsions, dilatatioti of the pupils, uid 
general insensibility : 2d, Those which in- 
^cate diativbincc in the ^sss^ba oXcxs&st 
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iMkm { tof enniiple» tbe feeble, slow, attd 
intermilting palse, weak contractions of 
the heart immediately after death, and the 
impofiibilityof pfolonnnirthem, n may 
be done in tuoden deatlis from other 
causes, by artificial respiration t 3d, Lastly, 
Those which depend on lesion of the aU- 
nentary canal, as the pains of the abdo- 
men, nauseas and vomitinrs, in those ani 
mals which were suffered to romit. At 
one time it is the nervous system that is 
most remarkably affected, and at another 
the organs of circulation. Hence inflam- 
mation of the stomach and intestines ought 
not to be consideredb as the immediate 
cause of death, in the greater number of 
cases of poisoning by anenic. However, 
•houM an animal not sink under the first 
violence of the poison, if the inflammation 
has had time to be developed, there is no 
doubt that it may destroy life. Mr. Earie 
Vtates, that a woman who had taken arsenic 
resisted the alarming symptoms which at 
fint appeared, but died on the fourth day^ 
On opening" her body the mucous mem- 
brane of the stomach and intestines was 
ulcerated to a great extent Authentic 
cases of pmson are reooided, where no 
trace of inflammation was'perceptiUe on 
^e prima via. 

Tbe symptoms of a danfferous dose^of 
■netuc have been graphically represented 
by Dr. Blabk : <* The symptoms produced 
by a dangerous di^se of arsenic begin to 
appear in a quarter of an hour, or not 
much longer, after it is taken. First sick- 
ness, and great distress at stomach, soon 
followed by thh^ and burning heat in tbe 
bowels. Then come on violent vomitin[|^, 
and severe cholic pains, and excessive and 
painful purging. This brings on faintings, 
with cold sweats, and other signs of great 
debility. To this succeed painful crampa 
txA contractions of the legs and thighs, 
and extreme weakness, and death." Simi- 
lar results have followed the- incautious 
Bpiinkin^ of schirrous ulcers with powder- 
ed arsenic, or tbe application of arsenical 
pastes. The following more minute spe- 
cification of symptoms is given by Orfila : 
** An austere taste in the mouth ; freciuent 
ptyalism; continual spitting; constriction 
i]^ the pharynx 9aidatopfiagu8f teeth set on 
ledge ; hiccups ; nausea ; vomiting of brown 
or bloody matter ; anxiety ; freqitent fiiint- 
Sng fits ; burning heat at tiie precorcHa; in- 
ffammation of tbe lips, tongue, palate, 
throat, stomach ; acute pain of stomach. 
Tendering^ the mildest dnnks intolerable ; 
Mack stools of an indescribable foetor ; 
pulse frequent, oppressed and irregular, 
sometimes slow and unequal; palpitation 
<^ the heart ; tyneope / unextinguishable 
thirst; burmnff sensation over the whole 
biody, resembling a consuming fire; at 
tiB«B6 an «ey cddness, difficult redpixation* 



eoM sweats, scanty urine, of a red or 
bloody appearance, altered expresnon of 
countenance, a livid circle round the eye- 
lids, swelling and itching of the whole 
body, which becomes covered with livid 
spots, or with a miliary enmtion ; prostra- 
tion of strength, loss of feeling, especially 
in the feet and hands ; delirium, convul- 
sions, sometimes accompanied with an in- 
supportable priapism, loss of tbe hair, se- 
paration of the epidermis^ horrible coimil- 
sions, and death." 

It is uncommon to observe all these 
frightfiil symptoms combined in one indi- 
vidual; sometimes they are altogether 
wanting, as is shown by the following* case, 
related by M. Chaussier : A robust man of 
middle age, swallowed arsenlous acid in 
large fragments, and died without e^e- 
riencing other symptoms than slight tyn^ 
€oper» On opening his stomach, it was 
fisund to contun the arsenious acid in the 
very same state in which be had swallow- 
ed it There was no appearance what- 
ever of erosion or inflammation in the in- 
testinal canal. Rtmuller mentions a youn^ 
girl's being poisoned by arsenic, and 
whose stomaeh and bowels were sound to 
all appearance, though the arsenic was 
found m them. In general, however, in- 
flammation does extend along the whole 
canal from the mouth to the rectum, I'he 
stomach and duodenum present frequently 
gangrenous points, escars, perforations of 
all their coats ; the villous coat in particu- 
lar, by this and all other correuve poisons, 
is commonly detached, as if it were scra- 
ped off'or reduced into a paste of a reddish • 
brown colour. From these Oonsiderationa 
we may conclude, that from the existence 
or non-existence of intestinal lenons, ftom 
the extent or seat of the symptoms alone* 
the physician should not venture to pro- 
nounce definitively on the fact of poison- 

The result of Mr. Brodie's experiments 
on brutes, teaches that^e inflammations 
of the intestines and stomach are more se- 
vere when the poison has been applied to 
an external wound, than when it has been 
thrown into the stomach itself. The best 
remedies ag^ainst this poison in the stomach 
are copious draughts of bland liquids of a 
muciliiginous consistence to inviscate the 
powder, so as to procure its complete 
ejection by vomiting. Sulphuretted hy- 
drogen condensed in water, is the only c&- 
rect antidote to its virulence ; Orfila having^ 
found, that when dogs were made to swal- 
low that fiquid, afler getting a poisonous 
dose of arsenic, they recoverea, though 
their cesophagus was tied to prevent vo- 
miting ; but when the same dose of poison 
was administered in the same circumstan- 
ces, without the sulphuretted water, that 
it proved fatal. When the viscera aic to be 
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subjected afte^death to chemiad inTesd- 
gftlion, a figfatare ou^t to be thrown round 
the onopha»i8 and the beginning of the 
eolon, and the intermediate stomach ami 
intestines removed. Their liquid contents 
should be emptied into a banp ; andthere« 
after a portion of hot water introduced in- 
to the stomach, and worked thoroughly 
up and down this itwcii*, as well as the in- 
testines. 

After filtration, a poition of the liquid 
should be concentrated by evaporation in 
a porcelain capsule, and then submitted to 
the proper reagents above described. M'e 
may also endeavour to extract from the 
stomach by' digestion in boiling water, with 
a little ammonia, the arsenical impregna- 
tion, which has been sometimes known to 
adhere in minute particles with wonderful 
pertinacity. This precaution ought there- 
fore to be attended to. The heat will dis- 
»pate the excess of aihmoniain the above 
operation ; whereas by adding potash or 
soda, as prescribed b^ the German che- 
mists, we mtroduce animal matter in alka- 
line solution, which complicates the inves- 
tigation. 

The matters rejected from the patient** 
bowels before death shoidd hot be neglect- 
ed. These, generally speaking, are best 
treated by cautious evaporation to dryness; 
but we inust beware of heating the resi- 
duum to 400^, since at that temperature, 
and perhaps a litde under it, the arsenioas 
aciditself sublimes. 

Vinegar, hydroguretted alkaline sulphu- 
rets, and oils, are of no use as counterpoi- 
sons. Indeed, when 'the arsenic exists In 
substance in the stomach, even sulphu* 
retted hydrogen water is of no avail, how- 
ever effectually it neutralizes an arseniohs 
solution. Sinips, linseed tea, decoction of 
mallows, or tra^canth, and warm milk 
should be administered as copiously as pos- 
sible, and vomiting provoked by tickling 
the fkuces with a feather. Clysters of a 
limilar nature may be also employed. 
Many persons have escaped death bybav- 
ing taken the poison mixed with rich 
soups ; and it is well known, that when it 
is prescribed as a medicine, it acts most 
beneficially when taken soon after a meal. 
These fiicts have led to the prescription of 
butter and oils, the use of which is, how- 
ever, not advisable, as they screen the ar- 
senical particles from more proper men- 
stnia, and even appear to aggravate its 
Timlence. Morgagni, in his great work on 
the seats and causes of (iUsease, states, that 
at an Italian feast, the dessert was pur- 
posely sprinkled over with arsenic instead 
of floor. Those <^the guests who had pre- 
viously ate and drank little speedily perish- 
ed; those who had their stomachs well 
filled, were saved by vomiting. He also 
aentioas the caae of three chUdren who ate 



a vegetable soup poisoned with ttsnfie. 
One of them, who took only two spoons- 
M\^ had no vomitmg, and died ; the other 
two, who had eaten the rest, vomited, and 
fot well. Should the poisoned patient be 
incapable of vomiting, a tube of caout- 
choue, capable of being attached to a 
syringe, may be had recourse to. The 
tube first serves to introdtice the drink^ 
and to withdraw it after a few instants. 

The followingtekts of arsenic and corro- 
sive sublimate have been lately proposed 
by finipatelli : Take the starch of wheat 
boBed in water until it is of a proper con- 
sistence, and recen'^ prepared; to this 
add a sufficient quantity of iodine to make 
it of a blue colour; it is afterwards to be 
diluted with pure water until it becomes 
of a beautiftil azure. If to this, some drops 
of a watety solution of ar^nie be added, 
the colour changes to a reddish hue, and 
finally vanishes. The solution of corrosive 
sublimate poured into iodine and starch, 
produces almost the same change as arsen- 
ic ; but if to the fluid acted on by the ar- 
senic we add some drops of sulphuric acid; 
the original blue colour is restored with 
more than its original brilliancy, while it 
does not restore the colour to the corro^ 
sive sublimate mixture.* 

AcTi) (Bs^rxoir). This acid was first de- 
scribed in 1608, by Blaise de Vigenere, in 
his Treatise on Fire and Salt, and has been 
generally known since by the name of 
flowers of benjamin or benzoin, because it 
was obtained by sublimation ftx>m the re- 
tan of this name. ' As it is still most com- 
monly procured from this substance, it haa 
preserved the epithet of benzoic, though 
known to be a peculiar acid, obtainable 
not from benzoin alone, but from different 
vegetable balsams, vanello, cinnamon, am- 
bergris, the urine of children, frequently 
that of adults and always, according t<f 
Foorcrov and Vauquelin, though Gteae 
denies this, that of quadrupeds living on 
grass and hay, particularly the camel, the 
horse, and the cow. There is reason to 
conjecture that many vegetables, and 
among them some of the grasses, contain 
it, and 'that it passes fVom them into the 
urine. Fourcroy and Vauquelin found it 
combined with potash and lime in the li- 
quor of dunghills, as well asintheuriile 
of tlie quadrupeds above mentioned ; and 
they strongly suspect it to exist in the 
anthoxanthum odoratum, or sweet-scented 
vernal grass, from which hay principally 
derives its fhigrant smell. Giese, however, 
could find none either in this grass or in 
oats. 

The usual method of obtaining it afTords 
a very elegant and pleasing example of 
thechemical process of sublimation. For 
this purpose a thin iitratum of powdered 
benzoin is spread over the bottoa of ft 



|^«aed eaitlieii pot, to wbidi a tiB «o«k5al 

-ptjpet covering is fitted: gentle bent k 
tbien to be applied to the bottom of the 
pot, which fuses the benzmn, and fills the 
«pattraent with a fragrant smell, arising 
from a portion of essential oil and acid <x 
benzoin, which are dissipated into the air; 
at the same time the acid itself rises very 
suddenly in the paper head, which maybe 
occasionally inspected at the too, though 
with some little care, because t^e iiimes 
will excite coughing. This saline subli- 
mate is condensed in the form of loi^ 
neecUes, or straight filaments of a white 
eolour, crossing es«h other in all direc- 
tions. When the acid ceases to rise, the 
cover may be changed, a new one applied, 
and the heat raised : more flowers of a 
yellowish colour will then rise, which re- 
quire a secondsublimatioa to deprive them 
of the emp^rreumatic oil they contain. 

The sublimation of the acid of benzoin 
may be conveniently performed by substi- 
tuting an inverted earthen pan instead of 
the paper cone, in this case the two pans 
ahould be made to fit, by grinding oa a 
stone with sand, and they must be luted 
together with paper dipped, in paste. This 
method seems preferable to the other, 
where the presence of the operator is re- 
quired elsewhere ; but the paper head 
can be more easily inspected and changed. 
The heat applied must be very gentle, 
and the vessels ought not to be separated 
till they have become cool. 

The quantity of acid obtained in these 
methods differs according to the manage- 
ment, and probably also from difference of 
purity, and in other respects of the resin 
Itself. It usually amounts to no more than 
about one-eighth part of tlMi whole weight. 
Indeed Scheelesays, not more than a tenth 
or twelfth. The whole acid of benzoin is 
obtained with greater certsunty in the hu- 
mid process of Scheele : - this consists in 
boiling the powdered resin with lime-wa- 
ter, and afterwards separating the lime by 
the addition of muriatic acid. Twelve oun- 
ces of water are to be poured upon four 
ounces of slaked lime ; and, after the 
ebullition is over,. eight pounds, or ninety^ 
six ounces, more of water are to be added; 
a pound of finely powdered benzoin being 
then put into a tin vessel, six ounces of the 
Ikne-water are to be added, and mixed 
well with the powder ; and afterwards the 
Mst of the lime-water in the same gradual 
manner, because the benzoin would coag- 
«ilate into a mass, if the whole were added 
At once. This mixture must be genliy 
boiled for half an hour with constant agi- 
tation, and afterwards suffered to cool and 
subside during an hour. The supernatant 
liquor must be decanted, and the residuum 
boiled with eight pounds more of lime- 
water; li'ter which the same process is to 
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besMemoie«eps«tadttkeseaiaHtti^|»ow«' 
der must be edulcMSted on the fitter hy 
aflrusioqs of hot water. Lastly, all the de« 
coctions, being mixed toffemer, must be 
evaporated to two pounds, and strained 
into a f^MBB vessel. 

This fluid consists of the acid of benzoin 
combined with lime# After it is become 
cold, a quantity of muriatic add must be 
added, with constant stirring, until the flu- 
id tastes a little sourish. During this time 
the kst-mentioned acid unites with the 
lime, and forms a soluble salt, which re- 
mains suspended, while the less soluble 
acid of benzoin, being disengaged, falls to 
the bottom in powder. By repeated uffn- 
sions of cold water upon the filter, it may- 
be deprived of the muriate of lime and 
muriatic acid, with whtchitmay happen 
to be mixed. If it be required to have a 
shining appearance, it may be dissolved 
in a small quantity of boiling water, from 
whieh it will separate in silky filaments by- 
coolings By this process the benzoic acid 
may be pdrooured fix>m other substance^^ 
in which it exists. 

* Mr. Hatchett has shown, that by dig-est- 
ing benz(Hn in hot . sulphuric acid, very 
beswtiful crystals are subhmed. This is 
perhaps the best process for extracting' 
the acid. If we concentrate the urine of 
horses or cows, and pour muriatic acid in^ 
te it, a copious precipitate of benzoic acid 
takes place. This is the ciiea^est source 
of it.* 

As an economical mode of obtaining 
tills acid, Fourcroy recommends the ex- 
traction of it from the water that drains 
from dunghills, cowhouses, and stables, b j 
means of the muriatic acid, which decom- 
poses the benzoate of lime contained is 
them, and separates the benzoic acid, as 
in Scheele's process. He confesses the 
«ncll of the acid thus obtained differs a 
little from that of the acid extracted from 
benzoin ; but this, he says, may be reme- 
died, by dissolving the acid in boiling wa- 
ter, filtering t^e solution, letting it cool, 
and thus suffering the acid to crystallize, 
and repeating this operfdion a second 
time. 

Mr. :Accum found the benzoic acid 
which he obtained from vanello-pods con- 
taminated with a yellow colouring matter, 
from which it could not be freed by re- 
peated solutions and crystallizations ; but 
by boifing with charcoal powder, the acid 
was rendered perfectly pure. 

The acid of benzoin is so inflammable, 
that it bums with a clear yellow flame 
without the asnstanoe of a wick. The sub- 
limed flowers in their purest state, as 
white as ordinaiy writing-paper, were 
fiised into a clear transparent yellowish 
fluid, at the two hundred-and-thirtieth de- 
gree of Fahrenheit's themuHaetery and at 
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the same tinie began to inm kk i 
tioD. It IS probable that a heat soBiewhat 
I^Kater than this may be re^joiffed to sena" 
rate it fiam the reain. It ia stnmgly ma- 
posed to take the ctystalline form in cool- 
ing. The concentrated sulphumc and nhric 
acids diflsolye this concrete acid, and it ia 
again separated, without akeratton, by add- 
ing water. Other acids diisolTe it by the 
assistance of heat, from which it separates 
by codting, unchanged. It is plentifully 
s^ble in ardent spirit, from which it 
may likewise be separated by dilutii^ the 
spirit with water. It readily dissolvea in 
oils, and in melted tallow. If it be added 
in a small proportion to this last fluid, 
part of the taUow congeals before the 
rest, in the form of white opaque clouds. 
If the quanti^ of add be more conaidera* 
ble, it separates in part by cooling, in the 
form of needles or feathers. It did not 
communicate any considerable degree of 
hardness to. the tallow, winch was the 
object of this experiment. When the 
tallow was heated neaify to ebullition, it 
emitted fumes which affected the respi- 
ntion, like those of the acid of benzom, 
but did not possess the peculiar and 
agreeable sm^ of that substance, being 
probably the sebadc acid. A stratum of 
this tallow, about one-twentieth of an inch 
thick, was fused upon a plate of brass, 
together with other iat substances, with a 
view to determine its relative dispontion 
to acquire and retain the solid state. Af- 
ter it had cooled it was left upon the plate, 
and, in the course of some weeks, it gra- 
dually became tinged throu^out of a 
bluish green colour. If this circumstance 
be not supposed to have arisen from a so- 
lution of the copper during the fusion, it 
seems a remarkable instance of the mu- 
tual action of two bodies in the solid state, 
contrary to that axiom of chemistiy which 
affirms, thatbfKlies do not act on each 
other, unless one or more of them be in 
the fluid state. TaBow itself, however, 
has the same effect. 

Pure benzoic acid is in the fbrm of a 
li^t powder, evidently crystallised in 
fine needles, the figure of which is difli- 
suit to be determined from their smallness. 
It has a white and shining appearance ; but 
when contaminated by a portion Of vola- 
tile oil, is yellow or brownish. It is not 
brittle as might be expected from its ap- 
]>earance, but has ratner a kind of duc- 
tility and elasticity, and, on rubbing in a 
aM>rtar, becomes a sort of paste. Its taste 
is acrid, hot, acidulous, and bitter. It red- 
dens the infusion of litmus, but not sirup 
of violeto. It has a peculiar aromatic smell, 
but not strong unless heated. This, how- 
ever, appears not to belong to the acid ; 
for Mr. G&ese infbilhs us, that on <]tis8olving 
the benzoic acid in as Utde alcohol as poi- 



iiMe» Omiug the lolattoiii and pi«ef|d4 
tating by water, the acid wUl be obtained 
pure, and void of smell, the odorous oil 
remiininjf dissolved in the spirit. Its spe- 
cific gravity is 0.667. It is not perceptibly 
altered by the air, and hssbeen kept in aa 
open vessel twenty years without losing 
any of its weight Noneof the combus- 
tible substances have any effect on it ; but 
it may be refined by mixing it with char- 
coal powder and subHminr, being thus 
rendered much whiter and better crystal- 
lised. It is not very soluble in water. 
Wenael and lichtensteinsay four hun^d' 
parts of cold water dissolve but one, though 
the same quantity of boifing water dis- 
solves twenty puts, nineteen of which 
separate on cooling. 

The benzoic acid unites without much 
difficulty with the earthy and alkaline 
bases. 

The benzoate of baiytes is soluble, 
crystallizes tolerably well, is not affected 
bv exposure to the air, but is decomposa- 
ble by fire, and by the stronger acids* 
That of lime is very soluble in water, 
though much less in cold than in hot, and 
crystallizes on cooling. It is injlike man- 
ner decomposable by the acids and by 
barytea. The benzoate of mag<neifia is so- 
luble, ciystallizable, a little deliquescent^ 
and more decomposable than the former. 
That of alumina is very soluble, ciystal- 
lizes in dendrites^ is deliquescent, has an 
acerb and bitter taste, and is decomposa- 
ble by fire, and even by most of the ve- 
getable acids. The benzoate of potash 
crystallizes on cooling in little compacted 
needles. All the acids decompose it, and 
the solution of baiytes and lime form witli 
it a precipitate. I'he benzoate of soda is 
very crystallizable, very soluble, and not 
deliquescent like that of potash, but it is 
decomposable by the same means. It is 
sometimes found native in the urine of 
graminivorous quadrupeds, but by no 
means so abundantly as that of lime. The 
benzoate of ammonia is volatile, and de- 
composable by all the acids and all the 
bases. The solutions of all the benzoates, 
when drying on the sides of a vessel wet- 
ted with them, form dendritical er}'stalll-. 
zations'. 

Troromsdorf found in his experiments, 
that benzoic acid united readily with me- 
tallic oxides. 

From the chemical properties of this 
acid, it appears to differ from the other 
vegetable acids in the nature and proper- 
ties of the principles that constitute its ra. 
dical. Its odour, vohitility, combiistibili. 
ty, g^at solubility in alcohol, and little 
solubility in water, fonlnerly occasioned it 
to be considered as an oily acid ; and have 
led modem chemists to conceive, that it 
contains a large quantity of hydrogen in 
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ijbi eo«ipo«tkin» and that H b ta tiie foittt* 

abundance of this combuatible principle 
its difference from the other vegetable 
acids consists. Its solubility in the power- 
ful acidsy and its subsequent separation, 
indicate that its principles are not easily 
separable from each other. Attempts have 
been made to decompose it by repeated 
abstraction of nitric acid ; the nitric acid 
rises first, scarcely altered except toward 
the end of the process, when nitrous gas 
comes, over; and the acid of benzoin is 
i^erwards sublimed with little alteration. 
By repeating the process, however, it is 
said to become mure fixed, and at length 
to afford a few dropa of an acid resembling 
the oxalic in its properties. 

* Berzelius, from the benzoate of lead, 
Reduces the wei^t of thf prime equiva- 
lent of benzoic acid to be 14.893 ; and it 
consists per cent of 5.16 hydrogen, 74.41 
carbon, and 20.43 oxygen. 

The benzootes are all decomposable bv 
beat, which, when it is slowly applied, 
first separates a portion of the acid in a 
vapour, that condenses in crystals. The 
soluble benzoates are decomposed by the 
powerful acids, which separate their acid 
111 a crystalline form. I'he benzoate of 
ammonia has been proposed by Berzelius 
as a reagent for precipitating red oxide of 
Iron from perfectly neutral solutions. Ac- 
cording to my experiments, 21.3 of am- 
linonia take 15 J of cr}'Stallized benzoic 
acid for neutralization.* 

The benzoic acid is occasionally used in 
medicine, but not so much as fermerly ; 
and enters into the composition of the 
camphorated tincture of opium of the Lon- 
don college, heretofore called paregoric 
elixir. 

* Acid (Bolktic). An acid extracted 
from the expressed juice of the boletua 
p8eudo4ffnianu8 by M. Braconnot. This 
juice concentrated to a sirup by a very 
gentle heat, was acted on by strong alco- 
hol. What remained was dissolved in wa- 
ter. When nitrate of lead was drop|>ed 
into this spliition, a white precipitate fell, 
which, after being well washed with wa- 
ter, was df composed by a current of sul- 
phuretted l^ydroj^en gas. Two different 
acids were found in the liquid after filtra- 
tion and evaporation. One in permanent 
crystals was BOLSTib acid ; the other was 
a small proportion of phosphoric acid. 
The former was purified by solution in al- 
cohol, and subsequent evaporation. 

' It consists of iiTegular four-sided prisms, 
of a white colour, and permanent in the 
air. Us taste resembles cream of tartar; 
sit the temperature of 68^ it dissolves in 
180 times its weight of water, and in 45 
of alcohol. Vegetable blues are reddened 
by it, Med oxide of iron, and the oxides 
of silver and mercury, are precipitated by 



iifniaiilmr tduftioiia in rntne acid ; bot 
lime and barytes waters are not aff^ted. 
It sublimes when heated, in white vapours^ 
and is condensed in a white powder. Jtan, 
de CUmUf Ixxx,* 

Aci D r Bo KAcic). The salt composed of 
this acid and aod^ had long been used 
both in medicine and the arts under the 
name of borax, when Homberg first ob- 
tained the acid separate m 1702, by dis- 
tilling a mixture of borax and sulphate of 
iron. He supposed, however, that it was 
a product of the latter; andga^e it the 
name of vkuile narcotic %aU of vitriol^ or 
•edative talt. Lemery the younger soon 
after discovered, that it could be obtained 
from borax equally by means of the nitric 
or muriatic acid ; GeofTroy detected soda 
in borax ; and at length Baron proved by a 
number of experiments, that bomx is a 
compound of soda and a peculiar acid. 
Cadet has disputed this ; but he has mere- 
ly sliown, that the borax of the shops is 
frequently contaminated with copper ; and 
Struve aiul Exchaquet have endeavoured 
to prove that the ooracic and phosphoric 
acids are the same ; yet their experiments 
only show, that they resemble each other 
in certain respects, not in all. 

To procure the acid, dissolve borax in 
bot water, and filter the solution; then 
add sulphuric acid by little and little, till 
the liquid has a sensibly acid taste. Lay 
it aside to cool, and a great number of 
small shining laminated crystals wiU form. 
These are the boracic acid. They are to 
be washed with cold water, and drained 
upon brown paper. 

Boracic acid thus procured is in the 
form of thin irregular hexagonal scales, of 
a silvery whiteness, having some resem- 
blance to spermaceti, and Uie same kind 
of greasy feel. It has a sourish taste at 
first, then makes a bitterish cooling im- 
pression, and at last leaves an agreeable 
sweetness. Pressed between the teeth, 
it is not brittle but ductile. It has no 
smell ; but, when sulphuric acid is poured 
on it, a transient odour of musk is pro- 
duced. Its specific gravity in the form 
of scales is 1.479 ; after it has been fused, 
1.803. It is not altered by light. Exposed 
to the fire it swells up, from losing its wa- 
ter of crystallization, And in this state is 
called calcined boracic acid. It melts a 
little before it is red-hot, without percep- 
tibly losing any water, but it does iiotflox^r 
freely till it is red, and then less than ttie 
borate Of soda. After this fusion it is a 
hard transparent ghiss, becoming a little 
opaque on exposure to the air, without 
abstracdng moisture from it, and unalter- 
ed in its properties, for on being dissolved 
in boiling lyater it crystallizes as before. 
This glass is used in the composition of 
false gems. 



A€I 



ACI 



Bmlitig^ vster flcarediy diflsolret one fif. 
Hedi pftrt, and cold water much less. 
When this solution is distilled in close 
vessels, part of the acid rises with the wa- 
ter, and ciystallizes in the receiver. It is 
more soluble In alcohol, and alcohol con- 
iadning it bums with a ^en flame, as does 
paper dipped in a solution of boracie acid. 

Neither oxygen gas, nor the ample com* 
bustibles, nor the common metals, pro- 
duce any change upon boracie acid, as far 
as is at present known. If mixed with 
finely powdered charcoal, it is neverthe- 
less capable of vitrification ; and with soot 
it melts into a black bitumen-like mass, 
which however is soluble in water, and 
cannot easily be burned to ashes, but sub- 
limes in part. With the assistance of a 
distilling heat it dissolves in oils, especial- 
ly mineral oils ; and with these it yields 
fluid and solid products, which impart a 
green colour to spirit of wine. When 
rubbed with phosphoms it does pot pre- 
vent its inflammation, but an eardiy yellow 
matter is left behind. It is hardly capa- 
ble of oxidizing or dissolving any of the me- 
tals except iron and zinc, and perhaps 
copper; but it combines with mo^ of the 
metallic oxides, as it does with the alka- 
lis, and probably with all the earths, 
thoug^ the greater part of its combinations 
have hitherto been little examined. It is 
of great use in analyzing stones that con- 
lain a fixed alkali. 

* Crystallized boracie acid is a compound 
of ST parts of acid and 43 of water. The 
honour of discovering the radical of horm- 
dc acid, is divided between Sir H. Davy 
and M. M. Gay-Lussac and Thenard. The 
first, on applying his powerful voltaic bat- 
tery to it» obtained a chocolate-coloured 
body in small quantity ; but the two latter 
chemists, by acting on it with potassium 
in equal quantities, at a low red heat, 
formed boron and subborate of potash. 
For a small experiment a glass tube will 
serve, but on a greater scale a copper 
tube is to be preferred. The potassium 
and boracie acid, perfectly diy, should 
be intimately mixed oefore exposing them 
to heat On withdrawing the tube from 
the fire, allowing it to cool, and removing 
the cork which loosely closed its mouth, 
we then pour successive portions of water 
into it, till we detach or dissolve the whole 
matter.. The water ought to be heated 
each time. The whole collected liquids 
are allowed to settle ; when, after wash- 
ing the precipitate till the liquid ceases to 
aflect sirup of violets, we dry the boron 
in a capsule, and then put it into a phial 
out of contact of air. Boron is solid, taste- 
less, inodorous, and of a greenish brown 
colour. Its specific gravity is somewhat 
greater than water. The prime equiva- 
lent of boracie and has been inferred firom 

Voirw^. [41 



the borate of ammonia, to be about 9Jf 
or 2.8 J oxygen being 1.0 ; and it i»obably 
consists of 2.0 of oxygen + 0.8 of boron. 
But by M. M. Gay-Lussac and Thenard, the 
proportions would be 2 of boron to 1 of 
oxygen.* 

The boracie acid has a more powerfiil 
attraction for lime, than for any other of 
the bases, though it does not really form 
borate of lime by adding a solution of it to 
lime-water, or decomposing by lime-water 
the soluble alkaline borates. In either 
case an insipid white powder, nearly inso- 
luble, which is the borate of lime, is how- 
ever precipitated. The borate of baiytes 
is likewise an insoluble, tasteless, white 
powder. 

Bergmann has observed, that magnesia^ 
thrown by little and little into a solution of 
boracie acid, dissolved slowly, and the li- 
quor on evaporation afforded granulated 
crystals without anv regular &rm : that 
these crystals were nisible in the fire with- 
out bein^ decomposed ; but that alcohol 
was sufficient to separate the boracie acid 
from the magnesia. If however some of 
the soluble magnesian salts be decom- 

{)osed by alkaline borates in a state of so- 
ution^ an innpid and insoluble borate of 
magnesia is thrown down. It is probable^ 
therefore, that Bergmann's salt was a bo- 
rate of ma^gnesia dissolved in an excess of 
boracie acid ; which acid being taken up 
by the alcohol, the true borate of magne- 
sia was precipitated in a white powder^ 
and mistaken by him for magnesia. 

One of the best known combinations of 
this acid is the native magnesio-calcareoua 
borate of Kalkberg, near Lunenbui|[^ : the 
-wur/elttein of the Germans, eiMc quartz of 
various mineralogists, and borticUe of Kiiy 
wan. It is of a grayish white colonic 
sometimes passing into the greenish white^ 
or purplish. Its figure is that of a cube, 
incomplete on its twelve edges, and at 
four or its solid angles ; the complete and 
incomplete angleabeing diametncally op- 
posite to each other. The surfaces gene- 
rally appear corroded. It strikes fire with 
steel, and scratches glass. Its spedfic 
gravity is 2.566, as determined by M. 
Westrumb, who found it to be composed 
of boracie acid 0.6^ magnesia 0.1305, 
lime 0.11 ; with alumina 0.01, silex 0.02, 
and oxide of iron 0.0075, all of which he 
considen as casual. Its most remarkable 
property, discovered by Haiiy, is, that 
like the tourmalin it becomes electric hj 
heat, though little so by friction; and it 
has four electric poles, the perfect angles 
always exhibiting negative electricity, and 
the truncated angles positive. . 

Since the component parts of tlus na;> 
tave salt have been known, attempts have 
been made to imitate it b^ art ; but no 
ebemi«t has b^CA able, by mising lime^ 



Ad 



AU 



mtgm»»9 tmd boncic acid, to piodiie* 
any thing but a pulverulent salt, incapa^ 
ble of being dissolved, or exhibited in the 
crystallized form, and with the hardnesa 
of the borate of Kalkberg. 

It has lately been denied, however, that 
this compound is really a triple salt. Vau- 
quelin, examining tliis substance with Mr.' 
Smith, who had a conuderable quantity, 
found the powder to effervesce wim acids ; 
and therefore concluded the lime to be no 
essentijJ part of the compound. They at- 
tempted, by using weak acids nuich dilu- 
ted, to separate the carbonate from the 
borate; but they did not succeed, be* 
cause the acid attacked the borate like- 
wise, though feebly. M. Stromager hav- 
ing afterwards supplied Vaufjuelin with 
aome transparent crystals, which did not 
effervesce with acids, he mixed this pow* 
^er with muriatic acid, and, when the so* 
lution was effected by means of heat, 
evaporated to dryness to expel the excess 
cf aci4* By solution in a small quantity 
of cold (£stilled water, he separated most 
of the boracic acid ; and, having diluted 
the solution, added a certain quantity of 
oxalate of ammonia, but no sign of the ex- 
istence of lime appeared. To ascertain 
that the precipitation of the lime was not 
prevented by the presence of the small 
quantity of boracic acid, he mixed with 
the solution a very small portion of mu<- 
riate of lime, and a cloudiness immediate- 
ly ensued through the whole. Hence he 
infers, that the opacity of the magnesian 
borate is occasioned by carbonate of lime 
interposed between its particles, and that 
the borate in transparent crystals contains 
none. 

The borate of potash is but little known, 
though it is said to be capable of supplying 
the place of that of soda in the arts; but 
more direct experiments are required to 
establish tlus effect. Like tiiat, it is ca- 
pable of existing in two states, neutral 
and with excess of base, but it is not so 
crystallizable, and aasumies the form of 
parallelopipeds. 

Wit{^ soaa the boracic acid forms two 
different salts. One, in which the alkali 
is more than triple the quantity necessary 
to saturate the acid, is of considerable use 
in the ^ arts, and has long been known by 
the name of borax ; under which its hia- 
tory and an account of its properties will 
be given. The other is a neutral salt, not 
changing the sirup of violets g^een like 
the borate with excess of base ; differing 
firom it in taste and solubility ; crystallizing 
xieithev so readily, nor in the same man- 
»>cr; not efflorescent like it; but like it 
fusible into a glass, and capable of being 
employed for the same purposes. This 
aalt may be formed by saturating the su- 
perabjindant Gioda in boras with soooie other 



aa4 md then lepanting the two aaHs r 
but it is obviously more eiinble, to satu- 
rate the excess dT soda with an additional 
portion of the lK>racic acid itself. 

Borate ot ammonia forms in small rhom» 
boidal crystals, eanly decomposed by fire i 
or in scales, of a pungent urinous taste^ 
which lose the crystalline form, and grow 
brown on exposure to the air. 

It is very difficult to combine the bora-^ 
cic aci<f with alumina, at least in the direct 
way. It has been recommended, for this 
purpose, to add a solution of borax to a 
solution of sulphate of alumina; but for 
this process the neutral borate of soda is. 
preferable, since, if borax be employed*, 
the soda that is in excess may throw down 
a precipitate of alumina, which might be 
mistaken for an earthy borate. 

The boracic acid unites with nlex by 
fusion, and forms with it a solid and per* 
manent vitreous compound. Thia borate 
of silex, however, is neither sapid, nor 
soluble, nor perceptibly alterable in the 
air; and cannot be formed without the 
assistance of a violent heat. In the same, 
manner triple compounds may be formed 
with silex and borates already saturated 
with other bases. 

The boracic acid baa been found in a; 
disengaged state in several lakes <^ hot 
mineral waters near Monte Rotendo, Ber- 
chiaio, and Castellonuovo in Tuscany, in 
the proportion of nearly ntne grains ih a 
hundred of water, by M.. Hoeffer. M» 
Mascagni also found it adhering to schis- 
tus, on the borders of lakes, of an obscure 
white, yellow, or greenish colour, and 
crystallized in the form of needles. , He 
has likewise foiAid it in combination with 
ammonia. 

Acid (Cakphoktc). M. Kosegarten 
found some years ago, that an acid with 
))eculiaf properties was obtidned, bydia<. 
tilling nitric acid ei^ht times following- 
from camphor. Bouillon Lagrange haa 
aince repeated his experiments^ and the 
following is the account he gives of ita 
preparation and properties. 

One part of camphor being introduced 
into a glass retort, tour parts of nitric acid 
of the strength of 36 degrees are to be 
poured on it, a receiver adapted to the 
retort, and all the joints well luted, llie 
retort is then to be placed on a sand-bath, 
and gi'adually heated. During the pro- 
cess a considerable quantity of nitrous gas, 
and of carbonic actd ^s, is evolved ; and 
part of the camphor is volatilized, while 
another part seizes the oxygen of the ni- 
tric acid. When no more vapours are ex- 
tricated, the vessels are to be separated^ 
and the sublimed camphor added to th^ 
acid that remains in the retort A like 
quantity of nitric acid is agam to be 
poured on tliis, and the distillation repeat* 
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•ed. T&is opefation must lie teitenited 
trn the camphor is completely acidified. 
Twtdtitf parts of nitric acid at 36 are suf- 
ficient-to acidify one of camphor. 

When the whole of the camphor is 
acidified, it ciystallizes in the remaining 
liquor. The whole is then to be poured 
out upon a filter, and washed with dis- 
tilled water, to cany oflT the nitric acid it 
may have retained. The most certain in- 
dication of tile acidification of the cam- 
Iphor is its cryst&flizin^ on the coolings of 
the liquor remainins^ in the retort. 

To purify this aoid it must be dissolved 
in hot distilled water, and the soiution, af- 
ter bein^ filtered, evaporated nearly to 
3balf, or till a slig^ht pelhcle forms ; when 
the camphoric acid will be obtained in 
crystals on cooling-. 

This experiment beings too long to be 
exhibited by the chemical lecturer, its 
place may be supplied by the foUowine. 

A jar is to be filled ov«r mercury witii 
oxygen gas firom the chlorate of potash, 
and a little water passed into it. (hi the 
other hand, a bit of camphor and an atom 
tyf phosphorus are to be placed in a little 
•cupel ; and then one end of a curved tube 
is to be conveyed under the jar, and the 
<rther end under a jar filled with water in 
the pneumato-chemical apparatus. The 
apparatus being thus arranged, the phos- 
phorus is to be kindled by means of a red 
hot iron. The phosphorus inflames, and 
afterwards the camphor. The flame pro- 
duced b^ the camphor is very vivid ; much 
heat is given out ; and the jar is lined with 
a black substance, which gfraduall^ falls 
down, and covers the water standing on 
the quicksilver in the jar. This is oxide 
of carbon. At the same time a gas is col- 
lected, that has all the characters of car- 
bonic adid. The water contained in the 
jar is very fragrant, and contains camphor- 
ic acidinsolotioiu 

The camphoric acid has a slightly acid, 
bitter taste, and reddens infusion of litmus. 

It crystallizes ; and the crystals upon 
^e whole resemble those of muriate of 
ammonia. (Kosegarten says they are par- 
allelopipeds of a snowy whiteness.) It 
effloresces on exposure to the atmosphere; 
is not very soluble in cold water ; when 
placed on burning coals, givea out a thick 
aromatic smoke, and is entirely dissipated; 
and with a gende heat melts, and is sub- 
limed. The mineral acids dissolve it en- 
tire^. It decomposes the sulphate and 
muriate of iron. l*he fixed and volatile oils 
dissr^e it. It is likewise soluble in alcohol^ 
and is not precipitated from it by water; 
a property that distinguishes it from the 
benzoic acid, it unites eamly with tiie 
earths and alkalis. 

To prepare the camphorates of lime, 
aagaesia and alumina, these earthssust be 



dSITiMed in'wat«r» and eiyttalfizedeaiRplMi> 
ric acid added. The mixture most then be 
boiled, filtered while hot, and the solution 
•concentrated by evaporation. 

The «ara|Aorateofbaiyte8 is prepared 
by dissolving the pure earth in water, and 
then ad^g eiystallized camphoric acid. 

Those or potash, soda, and ammonia, 
should be prepared with their caobonates 
dissolved in water: these solutions are to 
be saturated with crystallized camphoric 
«eid, heated, fUtered, evaporated, and cool- 
ed, by which neansthe camphorates iHU 
be obtained. 

tf the camphoric acid be very pure, ther 
have no smell ; if it be not, they have al- 
waya a slight smett of camphor. 

The camphorates of alumina andbaryteji 
leave a little acidity on the tongue ; tHe 
rest have a sKghtly bitten^ taste. 

The^ are all decomposed by heat; the 
add being separated and sublimed, and the 
base remaining pure; that of aiimionia ex- 
cepted» which is entirely volatilized. 

If th^ be exposed to the blow-pipe^ 
the acid boms with a blue flame : that of 
ammonia gives first a blue flame; but to- 
ward the end it becomes red. 

The camphorates of fime and magnesia 
are little solttbte, the others dissolve more 
easihr. 

The uniiend acids decompose them tSL 
The alkalis and earths act in the order of 
their affinity for the camphoric add ; which 
is, Kme, potash^ soda, barytes, ammoma^ 
alumina, nngResia. 

^venl metaHle solutions, and several 
neutnd salts, deeonpose the camphorates; 
such as the mtntfe of barytes, most of the 
calcareous salts, fcc. 

The camphorates of fime, mag&esla* 
and barjrteSy part with thdr acid to alco- 
hol. — Lagrattg^e^-t Mtmad d*un Coutm <fe 
Chime. 

Acid (€AmBoin«}. This aeid, being a 
compound of carbon and oxygen, ma^ be 
formed by burning charcoal; but a» it ex- 
ists in grei^ abundance ready formed, it w 
not necessary to have recourse to this ex- 
pedient. All that is necessary is to pomr 
sulphuric acid, diluted with five or «x 
times its weight of water, on common 
chalk, which is a compound of carbonic 
, acid and lime. An eflervescenee ensues^ 
cu^onic acid is evolved in the state of gas, 
and may be received in Uie usual manner. 
. As the rapid progress of chemistry du- 
ring the latter part of the 18th century, 
was in a great measure owing to the dis^ 
covery of this add, it may be worth while 
to trace the history of it somewhat pai<-. 
ticularly. 

Paracelsus and Van Hefanontwere ac- 
quainted with the feet, that air is extri^ 
cated from solid bodies during certain pro- 
eessea; and the hitter gave to air thus 
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fstkliieed the wme of g«f . Boyle called 
tiiese kinds of air artificial airs, and sua- 
pected that they might be diiferent fix>m 
tile air of the atmosphere. Hales ascer- 
tained the quantity or air that could be ex- 
tricated from a ffKat Tariety of bodies, and 
showed that it tonned an essential part of 
their composition. Dr. Black proved, 
that the substances then called lime, magp- 
nesia, and alkalis, were compounds, con- 
sisting of a peculiar species <^ air, and 
pure ume, maniesia, and alkali. To this 
species of ur he n^ve the name of fixed 
air, because it existed in these bodies in 
a fixed state. This air or gas was s^er- 
vards investigated, and ag^at number of 
its properties ascertained, by Dr. Priest- 
ley. From these properties Mr. Keir first 
concluded that it was an acid ; and this 
opinion was soon confirmed by the expe- 
riments of Bergmann, Fontana, and others. 
Dr. Priestley at first suspected that this 
acid entered as an element into the com- 
position of atmospherical air; and Bersr- 
mann, adopting the same opinion, gave it 
the name of aerial acid. Mr. Bewley 
called it mephitic acid, because it could 
not be respired without occasioning death; 
and this name was also adopted by Mor- 
Teau. Mr. Keir called it cucareous acid; 
and at last M. Lavoisier, after discovering 
Hm composition, gave it the name of car- 
bonic acid gas. 

The opinions of chemists concerning the 
eomposition of carbonic acid have under- 
gone as many revolutions as its name. Dr. 
Priestley and Bergmann seem at first to 
have considered it as an element; and seve- 
nl celebrated chemists maintained that it 
was the acidifyin? principle. Afterwaids 
it was discovered to be a compound, and 
that o^gen gas was one of its component 
parts. Upon this discovery the prevalent 
ppinion or chemists was, that it consisted 
or oxygen and phlogiston ; and when hy- 
drogen and phlogiston came, according to 
Mr. Kirwan^s theory, to signify the same 
thing, it was of course maintained that 
carbonic acid was composed of oxygen 
and hydrogen : and though M. Lavoisier 
demonstrated that it was formed by the 
combination of carbon and oxyg^en, this 
did not prevent the old theoiy from being 
maintained ; because carbon was itself 
considered as a compound, into which a 
very rreat quantity of hydrogen entered. 
But alter M. Lavoisier had demonstrated, 
that the weight of the carbonic acid pro- 
duced was precisely equal to the charcoal 
and oxygen employed; after Mr. Caven- 
4iah had discovered, that oxygen and hy- 
drogen when combined did not form car- 
bomc acid, but water, it was no longer 
possible to doubt that this acid was com- 
posed of carbon and oxygen. According- 
ly) all farther dispute about it b at an end. 



If any thing were still wanting, te put 
this conclusion beyond'the reach of doubt, 
it was to decompose carbonic acid, and 
thus to exhibit its component parts by- 
analysis as well as synthesis. This has 
been actually done hy Mr. Tennant. into 
a tube of glass he introduced a bit of 
phosphorus and some carbonate of lime. 
He then sealed the tube hermetically, and 
applied heat. Phosphate of lime was 
formed, and a quantity of charcoal depo- 
sited. Now phosphate of lime is composed 
of phosphoric acid and lime, and phos- 
phoric acid is composed of phosphorus 
and oxygen. The substances introduced 
into the tube were phosphorus, lime, and 
carbonic acid, and the substances found in 
it were phosphorus, lime, oxygen, and 
charcoal. The carbonic acid, therefore^ 
must have been decomposed, and it must 
have conusted of oxygen and charcoal. — 
This experiment was repeated by Doctor 
Pearson, who ascertained that the weight 
of the oxygen and charcoal together was 
equal to t£it of the carbomc acid which 
had been introduced ; and in order to show 
that it was the carbonic acid which had 
been decomposed, he introduced pure 
lime and pnosphwrus; and, instead of 
phosphate of lime and catbon, he got no- 
thing but phosphuret of lime. These ex- 
periments were also confirmed by Four- 
croy,yauquelin,Sy]vestre, andBrongniart. 
Count Mussin-Puschkin too boiled a sola- 
tion of carbonate of potash on purified 
phosphorus, and obtained charcoal. This 
he considered as an instance of the decom- 
position of carbonic acid, and as a confir- 
mation of the experiments above related. 

Carbonic acid abounds in great quan- 
tities in nature, and appears to be produ- 
ced in a variety of circumstances. It com- 
poses -^^ of the weight of limestone, 
marble, calcareous spar, and other natural 
specimens of calcareous earth, from which 
it may be extricated either by the wnple 
application of heat, or by the superior af-> 
fimty of some other acid ; most acids hav- 
ing a stronger action on bodies than this. 
This last process does not require heat, 
because fixed air is strongly disposed to 
assume the elastic state. Water, under 
the common pressure of the atmosphere, 
and at a low temperature, absorbs some- 
what more than its bulk of fixed air, and 
then constitutes a weak acid. If the pres- 
sure be gp^ater, the absorption is aug- 
mented. It is to be observed, likewise, 
that more gas than water will absorb, 
should be present. Heated water absorbs 
less ; and tf water, impregnated with this 
acid, be exposed on a orisk fire, the rapid 
escape of the aerial bubbles affords an ap- 
pearance as if the water were at the point 
of boiling, when tiie heat is not ^ater 
than the hand ean bear. CongeUtion sev 
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puates it Teadily and completely fyom 
water; but no degree of cola or pressure 
has yet exhibited this acid in a dense or 
concentrated state of fluidity. 

Carbonic acid gas b much denser than 
common air, and for this reason occupies 
the lower parts of such mines or caverns 
as contain materials which afford it by de- 
composition. The miners call it choke- 
damp. The Grotto del Cano, in the king-, 
dom of Naples, has been famous for ages, 
on account of the eifects of a stratum of 
fixed air which covers its bottom. It is a 
oave or hole in the nde of a mountain, 
near the lake Agnano, measuring not more 
tiian eighteen feet from its entrance to the 
inner extremity ; where if a dog or other 
animal that holds down its head be thrust, 
it is immediately killed by inhaling this 
noxious fluid. 

Carbonic acid ^ is emitted in large 
quantities by bodies in the state of the 
^ous fermentation, (see FERMSHTATioir), 
and on account of its great weight, it oc- 
cupies the apparently empty space or up- 
per part of the vessels in which the fer- 
menting process is going on. A variety 
of striking experiments may be made in 
this stratum of elastic fluid. Lighted pa- 
per, or a candle dipped into it, is immedi- 
ately extinguished; and the smoke re- 
munii^ in the carbonic acid gas rendeiv 
its sumce visible* which may be thrown 
into waves by a^tatien like water. If a 
dish of water be immersed in this ^as, and 
briskly agitated, it soon becomes unpreg- 
nated, and obtains the pungent taste of 
Pyrmont water* In consequence of the 
weight of the carbonic acid gas, it may be 
lifted out in a pitcher, or bottle, which, if 
well corked, may be used to convey it to 
great distances, or it may be drawn out of 
a vessel by a cock like a liquid. The ef- 
fects produced by pouring this invisible 
fluid from one vessel to another, have a 
very sin^ar appearance ; if a candle or 
small ammal be placed in a deep vessel, the 
former becomes extinct, and the latter ex- 
pires in a few seconds, after the carbonic 
acid gas is poured upon them, though 
the eye is incapable of disting^shin^ any 
thing that is poured. If, however it be 
poured into a vessel full of air, in the sun- 
shine, its density being so much greater 
than that of the air, renders it slighUy visi- 
ble by ^e undulations and streal^ it forms 
in this 'fluid, as it descends through it. 
Carbonic acid reddens infusion SS lit- 
mus; but the redness vanishes by expo- 
sure to the ur, as the acid flies ofl*. It has 
a peculiar sharp taste, which may be per- 
ceived over vats in which wine or beer is 
fermenting, as also in sparkling Cham- 
paigp, and the brisker kinds of cider. Light 
passing through it is refracted by it, but 
does not effect any sensible alteration in it, 



though it appeal*, from eiroerimeiit, thit 
it favours the separation or its principles 
by other substances. It will not unite with 
an overdose of oxygen, of which it contuns 
72 parts in 100, the other 28 being pure 
carbon. It not only destroys life, but the 
heart and muscle of animals killed by it 
lose all their irritability, so as to be insenn- 
ble to the stimulus of galvanism. 

Carboni&acid is dilated by heat, but not 
otherwise altered by it. It is not acted up- 
on by oxygen, or any of the simple com* 
bustibles. Charcoal absorbs it, but gives 
it out agiun unchanged, at ordinaiy tem- 
peratures ; but when this gaseous acid is 
made to traverse charcoal ignited in a 
'tube, it is converted into carbonic oxide. 
Phosphorus is insoluble in carbonic acid 
gfas ; but, as already observed, is capable 
of decomposing it by compound affinity, 
when assisted by sufficient heat; and 
Priestley and Cruickshank have shown 
that iron, zinc, and several other metals^ 
are capable of producing the same eflTect. 
If carbonic acid be mixed with sulphur- 
etted, phosphuretted, or carburettea g^as^ 
it renders them less combustible, or des- 
troys their combustibility entirely, but 
produces no other sensible change. Such 
mixtures occur in various analyses, and 
particularly in the products of the decom- 
position of veffetable and animal substan- 
ces. The inflammable air of marshes is 
frequently carburetted hydrogen intimate- 
ly mixed with carbonic acid gas^ and thQ 
sulphuretted hydrogen gas obtained from 
mineral waters is very often mixed witk 
it. 

Cari>onic acid appears from various ex- 
periments of Ingenhousz to be of consider- 
able utility in frromoting vegetation. It is 
probably decomposed by the organs of 
plants, its base furnishing part at least of 
the carbon that is so abundant in the 
vegetable kingdom, and its oxygen con- 
tributing to replenish the atmosphere 
with that necessary support of life, which 
is continually diminished by the respiration 
of animals and other causes. 

• The most exact experiments on the 
neutral carbonates concur to prove, that 
the prime equivalent of carbonic acid is 
2. 7S ; and that it consists of one prime of 
carbon — 0. 75 + 2.0 oxygen. This pro- 
portion is most exactly deduced from a 
comparison ef the specific gravities of 
carbonic acid g^ and oxygen; for it is 
well ascertjuned that the latter, by its 
combination with charcoal, and conversion 
into th.e former, does not change its vol- 
ume. Now, 100 cubic inches of oxygen 
weigh 33.8 gr. and 100 cubie inches of 
carbonic acid 46.5, showing the weight of 
combined charcoal m that quantity to be 
12.7. But the oxide of carbon contains 
only hatf the quantity of o:^gen whi<^ 
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tttrboide fetid does; and we lie«c6 infer, 
that the oxide of carbon conaiats of one 
mime of ozyi^n united to one of carbon, 
Thia a priori jud^ent ia confirmed hf 
the weight 3.75 deduced from the carbon- 
ates, aa the prime equivalent of carbonic 
acid. Therefore we have thia propor- 
tion: 

If S3.8 represent two primes of oxyren, 
or 3 ; 12.7 will represent one of caibon. 
33.8 : 2. : : 12.7 : 0.751, being, aa above» 
the prime equivalent or first combining 
proportion of carbon. If the apecific 
gravity of atmospheric air be called 1 .0000^ 
that of carbonic acid wiH be 1,5236. 

We have seen that water absorbs about 
Its volume of thia acid p^ and thereby 
ncqnires a specific gravity of 1.0015. On 
freezing it, the gas is as completely ex- 
pelled as by boiling. By artificisd pre^ure 
with forcing pumps, water mxf be made 
to abori> two or three limes its bulk of 
carbonic acid. When there is also added 
m Uttle pota«ih or soda, it becomes- the 
aerated or carbonated alkaline waters, a 
pleasant beverage, and not inactive reme- 
dy in several complaints, particularly 
dyspepsia, hiccup, and disorders of the 
kidneys. Alcc^ol condenses twice its vo- 
lume of cariK>nic acid. The most beauti- 
ful analytical experiment with carbonic 
acid, is the combustion of potassium in it, 
the fimnation of potash, and the depos- 
ition of charcoal. Nothing shows the pow- 
er of chemical research in a more favour- 
able light, than the extraction of an inviai- 
|yle gas from Parian nuoble or ciystailized 
apar, and its resolution by such an experi- 
ment into oxygen and carbon ; in the pro- 
portions above stated, 5 gr. of potassium 
should be used for 3 cubic inches of gas. 
If less be employed, the gas will not all be 
decomposed, but a part will be absorbed 
by the potash. From the above quanti- 
ties, 3-8ths of a grain of charcoal will be 
obtained. If a porcelain tube, containing 
a coil of fine iron wire, be ignited in a fur- 
nace, and if carbonic acid be passed back- 
wards and forwards by means of a full 
and empty bladder, attached to the ends of 
the tube, the gas. will be converted into 
. carbonic oxide, and the iron will be oxi- 
dized.* 

In point of affinity for the earths and 
alkalis, carbonic acid stands apparently 
low in the scale. Before its true nature 
was known, its compounds with them were 
not considered as salts, but as the earths 
and alkalis themselves; only distinguished 
by the names of «»W, or ^ervacent, from 
their qusdities of effervescing with acids, 
"and wanting causticity. - 

The carbonates are characterized by 

effervescing with almost all the acids, even 

the acetic, when they evolve their gas- 

% txnw acid, which passed into lime water by 



m tube, ^pTiws it of its taste, and eonrefts 
it into chalk and pure water. 

The carhtnaU ofbarfftn waa formed arti* 
ficially by Bergman and Scheele in 177S; 
but Dr. Withering first found it native at 
Alston Moor in Cumberland in 1783. From 
this circumstance it has been termed 
Witherite by Werner. It has been like- 
wise called aerated heavy tpar^ aerated 
baroeelemtef oMrated heavy earth or bai^tes^ 
baroStey &c. Us crystils have been ob- 
served to assume four different form^ 
double six-sided, and double four-sided 
pyramids; six-sided columns terminated 
by a pyramid with the same number of 
faces, and small radiated crystals, half an 
inch in length, and very thin, appearing 
to be hexagonal prisms, rounded toward 
the point. The hexaedral prism is pre- 
sumed to be its primitive form. Its spe- 
cific gravity, when native, is 4.331, wnen 
prepared artificially it scarcely exceeds 

Itmi^ be prepared by expo»ng a solu- 
tion of pure barytes to the atmosphere, 
when it will be covered with a pellicle of 
this salt by absorbing carbonic acid ; or 
carbonic acid may be received into this 
solution, in which it will immediately form 
a copioua precipitate; or a solution of 
nitrate or muriate of barytes may be pre- 
cipitated by a solution of the carbonate 
of potash, soda, or ammonia. The precipi- 
tate, in either of these cases, being well 
washed, will be found to be very pure 
carbonate of barytes. It may likewise be 
procured by decompomng the native sul* 
phate of barytes by the carbonate of pot« 
ash, or of soda, in the dry way, with the 
assistance of fire ; but in this way the sul- 
phate of barytes is never completely de- 
. composed, 4ind some of it remains mixed 
with the carbonate. 

The carbonate of batytes is soluble only 
in 4304 times its weight of cold water, and 
2304 of boiling water, and this requires a 
lon^ time ; but water saturated with car- 
bonic acid dissolves l-830ih. It is^ot al- 
tered by exposure to the sur, but is decom- 
posed by the application of a very violent 
heat, either in a black lead crucible, or 
when formed into a paste with charcoal 
powder. Sulphuric acid, in a concentra- 
ted state, or diluted with three or four 
parts of water, does not separate the car- 
Donic acid with effervescence, unless assis- 
ted by heat. Muriatic acid does not act 
upon it likewise, unless diluted with water, 
or assisted by heat. And nitric acid does 
uot act upon it at all, unless diluted. It 
has no sensible taste, yet it is extreme^|r 
poisonous. 

As this saH has lately been found, in 
large quantities, near Murton in Cumber- 
land, and some other places ia the vicinity, 
it might probably be introduced inte 
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iBizni&ctiirefi vith adrantag*^ at ftff ex* 
tractiiig' the hsaefi of several salts. 

It is composed of 2J5 parts of acid* and 
9.75 of barytes. Its prime equivalent is 
therefore the sum of these numbers «« 12 J>. 

Carbonate 0/ ttranUan was first pointed 
9ut as distinct from the preceding species 
by Dr. Crawford in \79Q, but Dr. Hope 
l^ve the first accurate account of it in the 
Edinburgh Transactions. It has been found 
native in Scotland, at Strontian in Argyll- 
shire»andat Leadhills. It is usually in fine 
striated needlese or prisms, that appeaf to 
be hexaedral, semitransparent^ and of a 
white colour sUghtly tinged with green. 
It is innpid ; requires 1536 parts of boiling 
water to dissolve it; is not altered by ex- 
posure to the air; but when stronriy 
heated ih a crucible loses part of its acid ; 
and this decomposition is facilitated by 
making it into a paste with charcoal pow* 
der. When the fire is strongly urged, it 
attacks the crucible, and melts into a glasi^ 
resemblU^ the colour of chrysolite, or py- 
ramidal phosphate of lime. If thrown in 
powder on well kindled coah, or the flame 
of a candle, it exhibits red i^arks. The 
same phenomenon occurs, if it be treated 
with the blow-pipe, which iuses it into an 
opaque vitreous globule, that falls to pow- 
der m the open air. Its specific gravity is 
only 3»66^ in which it differs strikingly 
from the carbonate of barytes ; as it does, 
m not helng poisonous, sceording to the 
experiments made by PeHetier on various 
anunak. 

It conusts of 6.5 strontian -(- 2.75 caiv 
bonic acid « 9.25. 

Carbonate of time exists in great abun- 
dance in nature, variously mixed with 
other bodies, under the names of marbief 
ehalkf HmesUme^ atalaedtetf &c. in which it 
is of more important and extenidve use 
than any other of the salts, except per- 
haps the muriate of soda. It is often found 
crystallized^ and perfectly transparent, 
llie primitive form of its ciystals is the 
rhomboidal prism, with angks of 101^ and 
78^. It§ integrant particles have the same 
form. Bemde this, however, many varieties 
of its crystals have been discovered and 
described by mineralogists. The specific 
gravity of the marbles is from 2.65 to 2.85; 
of the crystallized carbonates, about 2.7 : 
of the stalactites, from 2.32 to 2.47 : of the 
Ifanestones, from 1.39 to 2.72. 

It has scarcely any taste ; is insoluble in 
pifre water, but water saturated with car- 
bonic acid takes up l-1500th, though as 
the acid flies off this is precipitated. It 
KufTers little or no alteration on exposure 
to the air. When heated it decrepitates, 
its water flies oiT, and lastly its acid ; but 
this requires a pretty stroi^ heat. By 
this process it is ourned into lime. 

It is composed of 3,56 lime + 2.75 clkr- 



boniotdd — 6.31»Qriiil00putsof564 . 
lime and 43.6 acid. 

The carbonate or rather ntbcarbonaie of 
p&taeh was long known by the name of 
vegetable alkati. It was also called ^ed 
mire, talt rf tartar^ ealt of vwmnpood, &c. 
according to the diflerent modes in which 
it was procured; and was supposed to 
retain something of the virtues oi the sub* 
stance from which it was extracted. This 
error, has been some time exploded, but 
the knowledge of its true nature is of more 
recent date. 

As water at the usual ten^erature 
of the air dissolves rather more than its 
weight of thia salt, we have thus a ready 
mode of detecting its adulterations in gen* 
era! ; and as it is often of consequence in ' 
manufactures^ to know how much alkali a 
particular specimen contains, this may be 
ascertained by the quantity of sulphuzto 
acid it will saturate. 

This salt is deliquescent. 

It consists of 5.94 potash -t- ^^^ car- 
bonic acid ^ 8.69. 

The bi'Carbonate ^f petanih crystallizes^ 
according to Fourcroy, in square prisms* 
the apices of which are quadrangular py- 
ramids. According to Pelletier they are 
tetraedrat rhomboidal prisma, withdiedrat 
summits. The complete crystal has eight 
faces, two hexagons, two rectangles, and 
four ihombs. It has a urinous but not 
caustic taste ; changes the sirup of violets 
green; boiling water dissolves five-uxths 
of its weight, and cold water one-fourth; 
alcoh9l, even when hot, will not dissolve 
more than l-1200th. Its specific gravibf 
is 2.012. 

When it is very pure and well crystal-^ 
lized it efBoresces Gti exposure to a dry 
atmosphere, though it was formerly con« 
sidered as deliquescent. The fact is, that 
the common salt of tartar of the shops is 
a .compound of this carbonate and pure 
potash ; the latter of which, being very 
deliquescent, attracts the moisture of the 
air till the whole is dissolved. From its 
smooth feel, and the manner in which it 
was prepared, the old chemists called thia 
solution oil of tartar per detigvium. 

The bi-carbonate of potash melts with a 
gentle heat, loses its water of crystalliza- 
tion, amounting to i-J^, andg^ves out a 
portion of its carbonic acid ; though no 
degree of heat will expel the whole of the 
acid. Thus, as the carbonate of potash is 
always prepared by incineration of veget- 
able substances, and lixiviation, it must be 
in the intermediate state ; or that of a car-- 
bonate with excess of alkali : and to obtain 
the true carbonate we must saturate th]j» 
salt with carbonic acid, which is best done - 
by passing the acid in the state of g^ 
through a solution of the salt in twice its 
weight of water ; or, if we^want l&e RotftlH 



AOI 



AGI 



)fiii«, we must htve recourse to lime, to 
separate that portion of acid which fire will 
not expel. 

Another modcw recommended by Ber- 
thollet, and which may be of use on some 
occa«ons, is to add solid carbonate of am- 
monia to a solution of potash not saturated* 
and distil the mixture : when the ammonia 
may be obtained in the form of gas, or 
caustic liquor, while the carbonate crystal- 
lizes in the retort 

The bi-carbonate usually called super- 
carbonate by the apothecaries, consists of 
2 primes of carbonic acid -=5.500, 1 of pot- 
ash» 5.940, and 1 of water i- 1.125, in all 
12.565 . 

The carbonate ofwda has likewise been 
long known, and distinguished from the 
preceding by the name oS mineral alkali. In 
commerce it is usually called barilla or 
9oda ; in which state, however, it always 
containsof a mixture of earthy bodies and 
usually common salt. It may be purified, 
br cUi»olnng it in a small portion of water, 
filtering the solution, evaporating at a low 
heat, and skimming off the crystals of mu- 
riate of soda as they form on its surface. 
'When these cease to form, the solution 
may be suffered to cool, and the carbonate 
•f soda will ciystalUze. To obtain this 
salt perfectly pure Klaproth dissolves com- 
mon carbonate of soda in water, and satu- 
rates this solution with nitric acid, taking 
care that the acid is a little in excess. He 
then separates the sulphuric acid by ni- 
trate of barytes, and the muriatic acid by 
xutrate of silver. The fluid thus pu^fied 
he evaporates to dryness, fuses the nitrate 
of soda obtained, and decomposes it by 
detonation with charcoal. He then lix« 
iviates the residue, and crystallizes the 
carbonate of soda. If it be adulterated 
with ]>otash, tartaric acid will form a pre- 
cipitate in a pretty strong solution of it. 

It is found abundantly in nature. In 
Egypt, where it is collected from the sur- 
face of the earth, particularly after the de- 
siccation of temporary lakes, it has been 
known from time immemorial by the name 
^^pf w^ttTO, na/rwi, or natrum. This it has 
been proposed to retsun ; and accordingly 
the London college has adopted the term 
natron^ Dr. Bostock of Liverpool lately 
found, that the efHorescence, which co- 
piously covered the decaying parts of the 
plaster of the salt water baths in that town, 
consisted of carbonate of soda. A carbo- 
nate of soda exported from Tripoli, which 
is called Trona from the name of the place 
where it is found, and analyzed by Klap- 
roth, contained of soda 27 parts, carbon- 
ic acid 38, water of crystallization 22.5, 
sulphate of soda 2. This does not efflor- 
esce. A great deal is prepared in Spain 
by incinerating the maritime plant salsola; 
and it is manofactored in this country, as 



Well SB in Fnnce, from cBfferent species 
of sea-weeds. It is likewise found in min- 
eral waters ; and also in some animal flu- 
ids. 

It ciTstallizes in irregular orrhomboidal 
decaedrons, formed by two quadrangular 
pyramids, truncated veiy near their bases. 
Frequently it exhibits only rhomboidal la- 
minx. Its specific g^vity is 1.3591. Its 
taste b urinous, and slightly acrid, without 
being caustic. It changes blue vegetable 
colours to a green. It is soluble in less 
than its weight of boiling water, and twice 
its weight of cold. It is one of the most 
efflorescent salts known, falling complete- 
ly to powder in no long time. On the ap- 
plication of heat it is soon rendered fluid 
irom the great quantity of its water of ciyE- 
tallization ; but is dried by a continuance 
of the heat, and then melts. It is some- 
what more fusible than the carbonate of 
potash, promotes the fusion of earths in a 
greater degree, and forms a glass of better 
quality. Like that, it is very tenacious of 
a certain portion of its carbonic acid. It 
consists in its dry state of 3.94 soda,-{- 2.75 
acid, - 6.69. 

. * But the crystals contain 10 prime pro- 
portions of water. They are composed of 
32 soda,-f- 15.3 carbonic acid,-{- 62.7 water 
in 100 parts, or of 1 prime of soda »» 3.94^ 
1 of carb. acid » 2.75, and 10 of water «» 
11.25, in whole 17.94. 

The bi.carbonate of soda mny be pre- 
pared by saturating the solution of the 
preceding salt with carbonic acid gas, and 
then evaporating with a very gentle heat 
to diyness, when a white irregular saline 
mass is obtained. The salt is not crystal- 
lizable. Its constituents are 3.94 soda, -j- 
5.50 carb. acid, -f- 1.125 water, — 10.565 ; 
or in 100 parts 37.4 soda,4- 52 acid,-f 10.6 
water. The intermediate native compound, 
the African trona, conasts, according to 
Mr. R. Phillips, of 3 carbonic acid, -f- 2 
soda, -^ 4 Mater ; or in 100 parts 38 soda, 
-f 40 acid, + 22 water. • See the article 

SOIIA. 

The carbonate of magneda^ in a State of 
imperfect saturation with the acid, has 
been used in mediciise lor some time un- 
der the simple name of magnesia. It is 
prepared by precipitation from the sul- 
phate of magnesia by means of carbonate 
of potash. Equal parts of sulphate of mag- 
nesia and carbonate of potash, each dis- 
solved in its own weight of boihng water, 
are filtered and mixed together hot ; the 
sulphate of potash is separated by copious 
washing with water ; and the carbonate of 
magnesia is then left to drain, and afler- 
waras spread thin on paper, and carried to 
the diymg stove. When once dried it will 
be in friable white cakes, or a fine pow- 
der. 
. Anotfiet mode of preparing it in the 
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^te will be found under tiie article Ax* 
xosriA. 

To obtain carbonate of magnesia satu- 
rated with acid, a solution of sulphate of 
magnesia may be mixed cold with a solu« 
tion of carbonate of potash ; and at the ex- 
piration of a few hours, as the superfluous 
carbonic acid that held it in solution flies 
ofl, the carbonate of magnesia will crys- 
tallize in very regular transparent prisms 
of six equal sides. It may be equally ob- 
tained by dissolving magnesia in water im- 
pregnated with carbonic acid, and expos- 
ing the solution to the open air. Dr. 
Thomson says, the most regular crystals 
will be obtained by mixing together 125 
parts of sulphate of magnesia and 136 parts 
of carbonate of soda, both dissolved in 
water, filtering the solution, and then set- 
ting it aside for two or three days. 
These crystals soon lose their transparen- 
cy, and become covered witli a white pow- 
der. Exposed to the fire in a crucible, they 
decrepitate slightly, lose their water and 
acid, fall to powder, and are reduced to 
one-fourth of the original weight When 
the common carbonate is calcined in the 
great, it appears as if boiling, from the ex- 
trica^on of carbonic acid ; a small portion 
ascends like a vapour, and is deposited in 
a white powder on the cold bodies with 
which it comes into contact ; and in a dark 
pUce, towards the end of the operation, it 
^ines with a bluish phosphonc lig^ht. It 
thus loses half its weight, and the magne- 
sia is left quite pure. 

As the magnesia of the shops is some- 
times adulterated with chalk, liiis may be 
detected by the addition of a little sulphu- 
ric acid diluted with 8 or 10 times its 
weight of water, as this will form with the 
magnesia a veiy soluble salt, while the 
sulphate of lime will remain undissolved. 
Calcined ma^esia should dissolve in this 
dilute acid without any effervescence. 

The crystallized carbonate disserves in 
forty-eight tiroes its weight of cold water; 
the common carbonate requires at least 
ten times as much, and first forms a paste 
with a small quantity of the fluid. 

Guyton Morveau has lately found the 
carbonate of magnesia native, near Castel- 
la-Monte, in a stone considered there as a 
clay very rich in alumina. It is amorphous, 
as white as ceruse, and as compact as the 
hardest chalk ; does not sensibly adhere 
to the tongue ; and has no argillaceous 
smell. Its specific gravity, when all the 
bubbles of air it contidns have escaped, is 
2.612. In the fire it lost 0.585 of its weight, 
and became sufficiently hard to scratch 
Bohemian giass sfightly. On analysis it wa9 
found to contain magnesia 26.3, ailex 14'.^, 
carbonic acid 46,- water 12, iron an inap- 
preciable quantity. 

The carbonate ofanrnomot once vulgarly 
Vot. I. [5] 



known by the name ofvolaHU tal t 
tdac, and abroad by that of En^luh volatile 
aalt, because it was first prepared in this 
country, was commonly called mild volatile 
alkali, before its true nature was known. 

When very pure it is in a crystalline 
form, but seldom very regular. Its crystals 
are so small, that it is difficult to deter- 
mine their figure. Bergmann described 
them as acute octaedrons, the four angles 
ofwhich are truncated. Rome de Lisle had 
compressed tetraedral prisms, terminated 
by a diedral summit. Bergmann obtained 
his by saturating warm water with the 
salt, stopping the bottle closely, and ex- 
posing it to g^eat cold. The crystals com- 
monly produced by sublimation are little 
bundles of needles, or very slender prisma^ 
so arranged as to represent herborizar 
tions, fern leaves, or feathers. The taste 
and smell of this salt are the same with 
those of pure ammonia, but much weaker. 
It turns the colour of violets g^en, and 
that of turmeric brown. It is soluble in 
rather more than twice its weight of cold 
water, and in its own weight ofhot waten 
but a boiling heat volatilizes it. When 
pure, and thoroughly saturated, it is not 
perceptibly alterable in the air ; but when 
It has an excess of ammonia, it softens and 
grows moist. It cannot be doubted, how- 
ever, that it is sohible in air; for if left in 
an open vessel, it gradually diminishes in 
weight, and its peculiar smell is diflused 
to a certain distance. Heat readily sub- 
limes, but does not decompose it. 

It has been prepared by the destructive 
distillation of animal substances, and some 
others, in large iron pots, with a fire in- 
creased by decrees to a strong red heat; 
the aqueous hquor that first comes over 
being removed, that the salt might not be 
dissolved in it. Thus we had the aa/t of 
hartshorn, salt of soot, essential salt of vi- 
pers, &c. If the salt were dissolved in the 
water, it was called sfdrit of the substance 
from which it was obtained. Thus, hovr- 
ever, it was much contaminated by a i^tid 
animal oil, from which it required to be 
subsequently purified, and is much better 
fabricated by mixing one part dF muriate 
of ammonia and two of carbonate of lime, 
both as dry as possible, and subliming in 
an earthen retort. 

Sir H. Davy has shown that its compo- 
nent parts vary, according to the manner 
of preparing it. The lower the tempenu 
ture at which it is formed, the gpreater the 
proportion of acid and water. ThuSt if 
formed at the temperature of 300**, it con- 
tains more than fifty per cent of alkali ; tf 
at 60^, not more than twenty per cent 

• There are three or four definite com- 
pounds of carbonic acid and ammonia. 
The 1st is the solid sub-carbonate of the 
^ops. It consists of 55 carbonic add, ;JQ 
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ammonia, and 15 water; or probably of 3 
}>i^imes carbonic acid, 2 ammonia, and 2 
water; in all 14.76 for its equivalent. 2. 
But M. Gay-Lusnc has shown, that when 
100 volumes of ammoniacalgas are mixed 
with^ 50 of carbonic acid, the two g^ases 
precipitate in a solid salt, which must con- 
sist by weight of 56^ acid +43} alkali, 
being in the ratio of a prime equivalent of 
each. 3. When the pungent sub-carbo- 
nate is exposed in powder to the air, it be- 
comes scentless by the evaporation of a 
definite portion of its ammonia. It is then 
a compound of about 55 or 56 carbonic 
acid, 21.5 ammonia, and 22.5 water. It may 
be represented by 2 primes of acid, 1 of 
ammonia, and 2 of wateis — 12. 4. Ano- 
ther compound, it has been supposed, may 
be prepared by passing cui>onic acid 
through a solution of the sub-carbonate 
till it be saturated. This, however, may be 
supposed to yield the same product as the 
last salt M. Gay-Lussac infers the neutral 
carbonate to consist of equal volumes of 
the two ^es, though they will nut direct- 
ly combme in these proportions. This 
would give 18.1 to 46.5 ; the very propor^ 
tions in the scentless salt. For 46.5 : 18.1 
:; 55; 21.42.* 

It is well known as a stimulant usually 
put into smelling-bottles, frequently with 
the addition of some odoriferous oiL 

Foorcroy has found, that an ammoniaco- 
magnesian carbonate is formed on some 
occasions. Thus, if carbonate of ammonia 
be decomposed by magnesia in the moist 
way, leaving these two substances in con- 
tact with each other in a bottle closely 
stopped, a complete decomposition will 
not take place, but a portion of this trisalt 
will be formed. The same wiU take place, 
if a solution of carbonate of magnesia in 
water, impregnated with csui>onic acid, be 
precipitated by pure ammonia; or if am- 
moniaco-magfnesian sulphate, nitrate, or 
muriate, be precipitated by ^parbonate of 
potash or of soda. 

The properties of this triple salt are not 
yet Xnown, but it crystallizes differently 
from tbe carbonate of either ofitsbases^ 
and has its own laws of solubility and de- 
composition* 

The carbonate rf' fflucme has been ex* 
amined by VAuquelin, and is, among tiie 
salts of that eavth, that of which he has 
most accurately iu»certained the proper- 
ties. It is in a white, dull, clotty powder, 
never dry, but greasy, and soft to the feel. 
It is not sweet, like the other saJts of glu- 
•cine, but insipid. It is very light, insolu- 
ble in water, peifectiy unalterable by the 
ttr, but very readily decomposed by fire. 

A saturated solution of carbonate of am- 
xnonia takes up a certain portion of this 
carbonate, and forms with it a triple salt. 
This property enabled YauqueliQ to sepa- 



rate glttcine from alumina, and was one 
of the means of his dbtinguishing that 
earth. 

Carbonic acid does not appear to be 
much disposed to unite with arg;illaceou8 
earth. Most clays, however, afford a 
small quantity of this acid by heat; and 
Fourcroy says, that the fat clays effervesce 
with acids. The snowy white substance 
resembling chalk, and known by the name 
of lac lurue, is found to consist almost 
wholly of alumina saturated with carbonic 
acid. A saline substance, consisting of 
two six-sided pyramids joined at one com- 
mon base, weighing five or six grains, and 
of a taste somewhat resembling alum, was 
produced by leaving an ounce phial of wa- 
ter impregnated wiUi carbonic acid, and a 
redundancy of alumina, exposed to spon- 
taneous evaporation for some months. 
^ Vauquelin has found, that carbonate of 
zircone ma^ be formed by evaporating 
muriate of zircone, redissolving it in wa- 
ter, and precipitating by the alkaline car- 
bonates. He also adds, that it very readily 
combines so as to form a triple salt with 
either of the three alkaline carbonates. 

• Acid (Cassic). The name given by 
Proust to an acid found in cheese, to which 
he ascribes their flavour. 

Acid (Citic). The name given by H. 
ChevreiU to a supposed peculiar principle 
of spermaceti, which he has lately found 
to be the substance he has called Marga- 
rine, combined *with a fatty matter.* 

Acid (Chlokiodic). See Acid (Ht- 

DBIODIC). 

Acio (Ghlohocakbohic). See Chlo- 
niKX, and CHLOBociBBOiroirs Acid. 

Acid (Chloboctaitic). See Acid (Paus- 
sic). 

AciQ (Chbomic). This acid has been 
examined principally by Vauquelin, who 
first discovered it, and by count Mussin 
Puschkin ; yet we are better acquainted 
with it than with the metal that forms its 
basis. However, as the chromate of iron 
has lately been found in abundance .in the 
department of Var, in France, and in some 
other places, we may expect its proper- 
ties to be more amply investigated, and 
applied with advantage in the arts, as the 
chromates of lead and iron are of excellent 
use in painting and enamelling. 

It was extracted from the red lead ore 
of Siberia, by treating this ore with car- 
bonate of potash, and separating the al- 
kali by means of a more powerful acid. 
In this state it is a red or orange-coloured 
powder, of a peculiar rou^h metallic 
taste, which is more sensible m it than in 
any other metallic acid. If tiiis powder 
be exposed to the action of light and heat^ 
it loses its acidity* and is converted into 
green oxide of chrome, giving out pure 
oxygen gas. The chromic acid is the first 



ACI 



ACl 



that bus been found to de-ozjrg^nate itself 
easily by the action of beat, and afford oxy- 
gen gas by this simple operation. It ap- 
pears that several oi its properties are ow- 
ing to the weak adhesion oi a part at least 
of its oxygen. The green oxide of chrome 
cannot be brought back to the state of an 
acid, unless its oxygen be restored by 
treating it with some other acid. 

The chromic acid is soluble in water, 
and crystallizes, by cooling and evapora- 
tion, in longish prisms of a ruby red. Its 
taste 18 acrid and styptic. Its specific gra- 
vity is not exactly known ; but it always 
exceeds that of water. It powerfully red- 
dens the tincture of turnsole. 

Its action on combustible substances is 
little known. If it be strongly ' heated 
with charcoal, it grows black, and passes 
to the metallic state without melting. 

Of the acids, the action of the muriatic 
on it is the most remarkable. If this be 
^stilled with the chromic acid, by a gentle 
heat, it is readily converted into chlorine. 
It likewise imparts to it by mixture the 
property of dissolving gold; in which the 
chromic resembles the nitric acid. This 
is owing to the weak adhesion of its oxy- 
gen, and it is the onlv one of the metallic 
adds that possesses this property.^ 

* The extraction of chromic acid from, 
the French ore, is performed b^ ig^tin^ 
it with its own weight of nitre m a cruci- 
ble. The residue is lixiviated with water, 
which being then filtered, contains the 
ehromate of potash. On pouring into this 
a Uttle nitric acid and muriate m barytes, 
an instantaneous precipitate of the ehro- 
mate of barytes takes place. After havinjg^ 
procured a certain quantity of this salt, it 
must be put in its moist state into a cap- 
sale, and dissolved in the smaUest possible 
c]uantity of weak nitric acid. The barytes 
is to be then precipitated by very dilute 
sulphuric acid, taking care not to add an 
excess of it. When tne liquid is found by 
trial to contain neither sulphuric acid nor 
barytes, it must be filtered. It now con- 
nsts of water, with nitric and chromic 
acids. The whole is to be evaporated to 
diyness, conducting the heat at the end, 
so as not to endanger the decompoution 
of the chromic acid, which will remain in 
the capsule under the form of a. reddish 
natter. It must be kept in a glass phial 
well corked. 

Chromic acid, heated with a. powerful 
acid, becomes chromic oxide ; while the 
latter, heated with the hydrate of an alka- 
li, becomes chromic add. As the solution 
of the oxide is green, and that of the acid 
yellow, these transmutations become very 
remarkable to the eye. From Berzelius's 
experiments on the combinations of the 
c\miinic acid with barytes, and oxide of 
lead, its prime equivalent seems to be 6.5 ; 



eonsifltingof 3.5 chroniium» md 3.0 oi|r« 
gen.* See Chbokiitx. 

It readilv unites with alkalis, and is the 
only acid that has the property of colouring 
its salti^ whence the name of chromic haa. 
been given it. If two parts of the red lead 
ore of Siberia in fine powder be boiled 
with one of an alkali saturated with car- 
bonic acid, in forty parts of water, a car- 
bonate of lead will be predpitated, and 
the ehromate remain dissolved. The so- 
lutions are of a lemon colour, and afford 
crystals of a somewhat deeper hue. Those 
of ehromate of ammonia are in yeUow la- 
minae, having the metallic lustre of gold. 

The ehromate of barytes ia very TitUe 
soluble, and that of lime still less. They 
are both of a pale yellow, and when heat- 
ed give out oxygen gas, as do the alkaline 
chromates. 

If the chromic acid be mixed with filings 
of tin and the muriatic acid,, it becomes at 
first yellowish brown, and afterwards as- 
sumes a bluish green colour, which pre- 
serves the same shade after desiccation. 
Ether alone {^ves it the same dark colour. 
With a solution of nitrate of mercury, it 
nves a precipitate of a dark cinnabar co- 
lour. With a solution of nitrate of silver 
it ^ves a precipitate, which, the moment 
it IS formed, appears of a beautiful carmine 
colour, but becomes puzple by exposure 
to the light. This, combination, exposed 
to the heat of the blow-pipe, mehs before 
the charcoal is. inflamed, and aspomes A 
blackish and metallic appearance* Ifit be. 
then pulverized, the powder is jtill pur*, 
pie ; but after the. blue flame of the lamp 
IS brought into contact with this powder» 
it assumes a green colour, and the silver 
appears in {^obules disseminated through 
its substance. 

With nitrate of copper it gives a chesnut 
red precipitate. With the laolutidn of sul- 
phate of ,zin<^ muriate of bismuth, muriate 
of antimonj^, nitrate of nickel, and muriate 
ofplatina, it produces yellowish predpi- 
tates, when the solutions do not contaia 
an excess of acid. With muriate of gold 
it produces a greenish predpitate. 

When melted, with borax, or glass, or 
acid of phospboruSf it communicateato ili , 
a beautiful emerald green colour*. 

If paper be impregnated with it, and ex.^ . 
posed to the sun a few days, it acquires a 
^en colour, which remains permanent 
m the dark. 

A slip of iron, or tin, put into its solu- 
tion, imparts to it the same colour. 

The aqueous solution of tannin produces 
a flocculent precipitate of a brown fawn 
colour. 

Sulphuric acid, when cold, produces no 
effect on it ; but when warm it makes it 
assume a bluish green colour. 

Acq) (^Citric). Theguice of leiyonaw 
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ctr fiinefy hM all the chanct^n of an acid 
of cofisidenble strong^; but on account 
of the mucilag^ous matter with which it 
li mixed, it ia very aoon altered by spon- 
taneoua decomposition. Various methods 
have been contrived to prevent this eflTect 
from taking p]ace» in oraer that this whole- 
a<mie and a^eiJ>le acid might be pre- 
served for use in long voya^^s, or other 
domestic occasions. The juice may be 
kept in bottles under a thin stratum of oil, 
which indeed prevents, or greatly retards, 
its total decomposition; though the origi- 
nal fresh taste soon gives place to one 
which is much less grateful. In the East 
Indies it is evaporated to the connstence 
of a thick extract. If this operation be 
curefully performed by a very gentle heat, 
it is founa to be very effectual. When the 
jmce is thus heated, the mucilage thickens, 
and separates in the form of flocks, part of 
which subsides, and part rises to the sur- 
face : these must be taken out. The va- 
pours which arise are not acid. If the 
evaporation be not carried so far as to de- 

1)rive the liquid of its fluidity, it may be 
onp preserved in well closed bottles; in 
which, after some weeks' standing, a far- 
ther portion of mucilage is separated, 
without any perceptible change in the 
acid. 

■Of all the methods for preserving le- 
mon-juice, that of concentrating it by frost 
appears to be the best, though in the 
warmer climates it cannot conveniently be 
practised. Lemon-juice, exposed to the 
air, in a temperature between 50^ and 
60^, deposites in a few bouts a white semi- 
transparent mucilaginous matter, which 
leaves the fluid, after decantation and fil- 
tration, much less alterable than before. 
This mucilM^ is not of a gummy nature, 
but resembfes the gluten of wheat in its 
properties: it is not soluble in water when 
dried. More mucilage is separated from 
lemon-juice by standing in closed vessels. 
If this depurated lemon-juice be exposed 
to a degfree of cold of about seven or eight 
degp«es below the freezing point, the 
aqueous part will freeze, and the ice may 
be taken away as it forms ; and if the pro- 
cess be continued until the ice begins to 
exhibit sig^s of acidity, the remaining 
acid will be foiind to be reduced to about 
one-eighth of its original quantity, at the 
tame time that its acidity will be eight 
times as intense, as is proved by its re- 
quiring eight times the quantity of alkali 
to' saturate an equal portion of it. This 
. concentrated acid may be kept for use, or, 
if preferred, it may be made into a diy le- 
A)onade, by adding six times its weight of 
fiiWe loaf sugar in powder. 

The above processes may be used when 
the icid of lemons is wanted for domestic 
purposes, because they leave it in posses- 



Mon of the oils, or other principles^ on 
which its flavour peculiarly depends ; but 
in chemical researches, where the acid it- 
self is required to be had in the utmost 
purity, a more elaborate process must be 
used. Boiling lemon-juice is to be satu- 
rated with powdered chalk, the weight of 
which is to be noted, and the powder 
must be stirred up from the bottom, or 
the vessel shaken from time to time. The 
neutral saline compound is scarcely more 
soluble in water than selenite ; it there- 
fore falls to the bottom, while the mucil- 
age remains suspended in the watery fluid, 
which must be decanted ofi*; the remain- 
ing precipitate must then be washed witK 
warm water until it comes oif clear. To 
the powder thus edulcorated, a Quantity 
of sulphuric acid, equal the chalk in 
weight and diluted with ten ^arts of wa- 
ter, must be added, and the mixture boil- 
ed a few minutes. The sulphuric acid, 
combines with the earth, and forms sul- 
phate of lime, which remains behind when 
the cold liquor is filtered, while the disen- 
gaged acid of lemons remains dissolved in 
me ^id. This last must be evaporated • 
to the consistence of a thin sirup, which 
yields the pure citric acid in little needle- 
like cr>'stals. It is necessary that the sul- 
phuric acid should be rather in excess, 
because the presence of a small quantity of 
lime will prevent the crystallization. This 
excess is allow.ed for above. 

M. Dize, a skilful apothecary in Paris^ 
who has repeated this process of Scheele 
on a very extensive scale, asserts, that an 
excess of sulphuric acid is necessary, not 
only to obtain the citric acid pure, but to 
destroy the whole of the mucilage, part of 
which would otherwise remain, ana occa- 
sion its spoiling. It is not certun, how- 
ever, but the sulphuric acid may act on 
the citric itself, and by decomposing it, 
produce the charcoal that M. Dize as- 
cribes to the decomposition of mucilaa^ ; 
and if so, the smaller the excess of sulphu- 
ric acid the better. He also adds, that to 
have it perfectly pure it must be repeated- 
ly crystallized, and thus it foiQmsveiy large 
and accurately defined crystals in rhom- 
boidal prisms, the sides of which are in- 
clined in angles of 60*' and 120**, termina- 
ted at each end by tetraedral summit3, 
which intercept the solid angles. These, 
however, will not be obtained when ope- 
rating on small quantitiea. 

Its taste is extremely sharp, se as to ap- 
pear caustic. Distilled in a retort, part 
rises without being decomposed ; it ap- 
pears to g^ve out a portion of vinegar; it 
then evolves carbonic acid gas, and a little 
carburetted hydrogen ; and a light coal re- 
mains. It is among the vegetable acids 
the one which most powerfully resists de- 
composition by fire. 
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In % dxy«iid warmuritseenstoefilo* 
reace; but it absorbs moisture when the 
air is damp, and at length loses its crystal* 
line form. A hundred parts of this acid 
are soluble in seventy-five of water at 
60**, accordine to Vauquelin. Though it 
is less alterable than most other solutions 
of vegfetable acids, it will underg'o decom* 
position when lon^ kept. Fourcroy thinks 
It probable that it is converted into acetic 
acid before its final decomposition. 

It is not altered by any combustible sub- 
stance ; charcoal alone appears to be capa- 
ble of whitening it. The most powerful 
acids decompose it less easily than they 
do other vegetable acids ; but the sulphu- 
ric evidently converts it into acetic acid. 
The nitric acid likewise, according to 
Fourcroy and Vauquelin, if employed in 
large quantity, and heated on it a long 
time, converts the grater part of it into 
acetic acid, and a smalt portion into oxalic. 
Scheele indeed could not effect this ; but 
Westrumb supposes that it was owing to 
his having used too much nitric acid ; for 
on treating 60 erains of citric acid with 
200 of nitric he obUuned 30 grains of oxalic 
acid ; with 300 grains of nitric acid he got 
15 ; and with 600 grains no vestige of ox»- 
Hc acid appeared. 

If a solution of barytes be added gfradu* 
ally to a solution of citric acid, a flocculent 
precipitate is formed, soluble by agitation, 
till the whole of tl)e acid is saturated. 
This salt at first falls down in powder, and 
Uien collects in silky tufts, and a kind of 
veiy beautiful and shining silvery bushes. 
It requires a larg^ quantity of water to 
dissolve it. 

The citrate of lime has been mentioned 
already in treating of the mode of purify- 
ing the acid. 

The citrate of potash is very soluble and 
deliquescent. 

The citrate of soda has a dull saline 
taste ; dissolves in less than twice its 
weight of water ; ciystallizes in six-sided 
prisms with flat summits ; effloresces 
slightly, but does not fall to powder; 
boils up, swells, and is reduced to a coal 
on the fire. Lime-water decomposes it, 
but does not render the solution turbid, 
notwithstanding the little solubility of ci- 
trate of lime. . 

Citrate of ammonia is very soluble ; does 
not ciystallize unless its solution be g^at- 
ly concentrated; Mid forms elongated 
prisms. • 

Citrate of mi^esiadoes not crystalline. 
When its solution had been boiled down» 
and it had stood some days, on being 
slightly shaken itiixed in one white opai]^e 
mass, which remained soft, separating 
from the sides of the vessel, contracting 
its dimensions, and rising in the middle 
like a kind of mushroom. 



te eomblnation ^ith the otber eaite 
has not been much examined; and its ac- 
tion UDon metols has been little studied. 
Scheele however found, that it did not 
precipitate the nitric solutions of metals^ 
as the malic acid does. 

\11 the citrates are decomposed by the 
powerful acids, which do not form a pre- 
cipitate with them, as with the oxalates 
and tartrates. The oxalic and tartaric 
acids decompose them, and form crystal- 
lized or insoluble precipitates in their so- 
lutions. All affoid traces of acetic acid, 
or a product of the same nature, on being 
exposed to distillation: this character 
exists particularly in the metalUc citrates. 
Placed on burning coals they melt, swell 
up, emit an empyreumatic sflnell cf acetic 
acid, and leave a light coal./ All of them* 
if dissolved in water, and Jeft to stand for 
a time, undergo decomposition, deponte a 
flocculent mucus which grows black, and 
leave their bases combing with carbonic 
acid» one of the products of the decompo- 
sition. Before they are completely de» 
composed, they appear to pass to the 
state of acetates. 

The affinities of the citric acid are Kt» 
ranged by Vauquelin in the foUomdng or- 
der : barytes, lime, potash, soda, strontian* 
magnesia, ammonia, alumina. Those for 
zircone, glucine, and the metallic oxides^ 
are not ascertained. 

The citric acid is fotfnd in many fruits 
united with the malic acid ; which see for 
the process of sepgmting them in tlds 
case. 

* From the eomposition of the citrate of 
lead, as determined by Berzelius, it ap- 
pears that diy citric acid has for its prime 
equivalent 7.368, compared to yellow 
oxide of lead 14, and oxygen 1.0. Tlie 
crystals, according to the same accurate 
chemist, consist of 79 real acid, and 21 
water, in 100 parts. This would make 
the equivalent of the crystallized acid 9.3. 
Its ultimate constituents are, by the amdy. 
as of 

ilydrog. Carbon. Oxyg. 

^Th^n!^*"^ ^ 6.3304-33.811-}-59.85§ 
BerzeUus, 3.800+41.369-^54.831 

Citric acid being more costly than tar* 
taric, may be occasionally adidterated 
with it. This fraud is discovered, by add- 
ing slowly to the acid dissolved in water a 
solution of sub-carbonate of potash, which 
will give a white pulverulent precipitate 
of tartar, if the citric be contaminateawitk 
the tartaric acid. When one part of the 
citric acid is dissolved in 19 of water, the 
solution may be used as a substitute for 
lemon-jiuce. If before solution the crys>r 
tals be triturated with a little sugar and« 
few drops of the oil of lemons, the reseoi' 
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Kbmee to 6ie nfttire joiee will be com- 
plete. It is an antidote against sea scurvy; 
bat tiie admixture of mucilage and other 
vegetable matter in the recent fruit of the 
lemon, has been supposed to render it 
preferable to the pure acid of the che- 



AciB (Cffu>mic). See Acid (Mvriatic.) 
* AciB (GoLVMBic). The experiments 
of Mr. Hatchett have proved, that a pecu- 
liar mineral from Bfassachusetts, deposited 
in the British Museum, consisted of one 
part of oxide of iron, and somewhat more 
iban three parts of a white coloured sub- 
stance, possessing the properties of an 
acid. Its basis was metallic. Hence he 
named this i^olumbium, and the acid the 
Columbic Dr. WoUaston, by very exact 
analytical comparisons, proved, that the 
add of Mr. Hatchett, was the oxide of the 
metal lately discovered in Sweden by Mr. 
Ekeberg, in the mineral yttrotsntalite, and 
thence called tantalum. Or. Wollaston's 
method <^ separating the acid from the 
mineral is peculiarly elegant. One part 
of tantalite, five parts of carbonate of pot- 
ash, and two parts of bono, aie fVised to- 
gether in a platina crucible. The mass, 
after being softened in water, is acted on 
by muriatic acid. The iron and manga- 
nese dissolve, while the columbic acid re- 
mains at the bottom. It is in the form of 
a white powder, which is insoluble in ni- 
tric and sulphuric acids, but partially in 
muriatic. It forms with barytes an insolu- 
ble salt, of which the proportions, i^ccord- 
ing to Berzelius, are 24.4 acid, and 9.75 
baiytes. By oxidizing a portion of the re- 
vived tantalum or columbium, Berzelius 
infers the composition of the acid to be 
100 metal and 5.485 oxygen. 
Acid (Cyanic). See Acid (Prubsic^. 
Acid (Fluoatc). The fusible spar which 
IS genenilly distinguished by the name of 
Derbyshire spar, consists of calcareous 
earth in combmation with the acid at pre- 
sent under our consideration. If the pure 
fluor, or spar, be placed in a retort of lead 
or silver, with a receiver of the same me- 
tal adapted, and its weight of sulphuric 
acid be then poured upon it, jthe fluoric 
acid will be disengaged by the application 
of a moderate heat. This acid ^ readily 
combines with water ; for which purpose 
it is necessary that the receiver should 
previously be half filled with that fluid. 

* If the receiver be cooled with ice, and 
no water put in it, then the condensed 
acid is an intensely active liquid, first pro- 
cured by M. Gay-Lussac. The best account 
of it, however, has been given by Sir H. 
Davy. It has the appearance of sulphuric 
acid, but is much more volatile, and sends 
ofl^ white fumes when exposed to air. Its 
specific gravity is only 1.0609. It must be 
exanuned with great caution, for when 



appHed to the skin it instantly disorganizes 
it, and produces veiy painful wounds. 
When potassium is intrcKluced into it, it 
acts with intense eneigy, and produces 
hydrogen gas and a neutral salt; 'wbeii 
lime is ma(& to act upon it, there is a vio- 
lent heat excited. Water is formed* and 
the same substanee as fluor spar is pro- 
duced. With water in a certain propor- 
tion, its density increases to 1.25. When 
it is dropped into water, a hissing noise is 

groduced with much beat, and an acid 
uid not disagreeable to the taste is form- 
ed if the water be in suflicient quantity. It 
instantly corrodes and dissolves glass. 

It appews extremely probable, from all 
the facts known respecting the fluoric 
combinations, that fluor spar contains a 
peculiar acid matter; and that this acid 
matter is united to lime in the spar, seems 
evident from the circumstance, that gyp- 
sum or sulphate of lime is the residum of 
the distillation of fluor spar and sulphuric 
acid. The results of experiments on fluor 
spar have been diff*erently stated by chem- 
ists. Sir H. Davy states, that 100 fluor 
spar yield 175.2 sulphate of lime; whence 
we deduce the prime equivalent of fluoric 
acid to be 1.3260, to lime, 3.56, and oxygen 
1.00. From fluate of potash the equiva- 
lent comes out for the acid, •* 1.2495, 
potash being reckoned 5.95. Berzelius in 
nb last series of experiments gives from 
fluate of lime, 1.374 for the equivalent of 
fluoric acid. The dense fluid obtained in 
silver vessels, may be regarded as hydro- 
fluoric acid ; and, supposing all the water in 
oil of vitriol transferred to it, would con- 
sist of 1.326 or 1.374 acid,-}- 1.125 water; 
which is a prime <^ each. 

Dr. Thomson, in his System of Chemistry 
fifth edition, vol. i. p. 203, deduces the 
equivalent of fluoric acid from the decom- 
position of fluate of lime by sulphuric acid, 
to be 1.0095; and, from the lowness of 
this number, he afterwards endeavours to 
prove that fluoric acid cannot be a com- 
pound of oxygen with a base. Now 
taking his own data of 100 parts of fluor 
spar yielding, according to Sir H. Davy's 
latest expenments, 175.2 sulphate of lime ; 
and admitting that these contain 73.582 of 
lime; leaving consequenUy 26L418 for the 
proportion of acid in 100 offluorspar, we 
shall find 1.3015 to be the equivalent or 
atom of fluoric acid. For 73.582 : 3.625 : 
26.418: 1.3015, taking his own number 
3.6^ for the atom o? lime. Hence the 
while difliculties stated by him in the fol- 
]o\nng passage, page 206, disappear :— ** If 
we 'suppose fluate of lime to be a com- 
pound of fluoric acid and lime, its compo- 
sition will be. Fluoric acid, 1.0095. 

Lime. 3.625 

From this we see that the weight of an 
integrant particle of fluoric acid must he 
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1.0095. If it be supposed a compounci of 
one atom of oxygen, and one atom of an 
unknown inflammable biisis^ then as the 
weig-ht of an atom of oxygen is 1, the 
weight of an atom of the inflammable base 
can be only 0.0095, which is only the 
thirteenth part of the weight of an atom 
of hydrogen. On that supposition, fluoric 
acid would be composed of 

Inflammable basis, 1.00 

Oxygen, 105.67. 

So very light a body, being contrsiy to 
sH analogy, cannot be admitted to exist 
without stronger proofs than have hitherto 
been adduced. On the other hand, if 
fluor spar be in reality a fluoride of calci- 
um, then its composition will be» 

Fluorine, 2.0095 

Calcium, 2.625 

So that the weight of an atom of fluorine 
would be 2.0095, or almost exactly twice 
the weight of an atom of oxygen. This is 
surely a much more probable supposition 
than the former." 

It is not possible to find a more instruc- 
tive example than the one now aflTorded by 
this systematic chemist, of the danger of 
prosecuting, on slippery grounds, hy- 
pothetical analogies. The atom of fluoric 
acid, when rightly computed with his own 
data, is not 1.0095, but 1.3015, and hence 
none of his consequences need be consi- 
dered. It may consist of 1 of oxygen 
combined with 0.3015 of an unknown rad- 
ical ; or there may, for aught we know, 
be a substance analogous to chlorine and 
iodine, to be called therefore fluorine, 
whose prime equivalent* will be 2.3015. 
From the mode in which liquid fluoric 
acid is produced viz. from a mixture of 
fluor spar, and oil of ^triol, it may obvious- 
ly contain water, and may consist, as we 
have seen, probably of a prime or atom of 
real acid, and an atom of water. Hence 
the phenomena occasioned by adding pot- 
assium to it, present nothing different 
from those exhibited by the same metal 
added to concentrated hydro-nitric or 
hydro-sulphuric acid. Sir H. Davy indeed 
has been induced in his last researches to 
infer, from the action of ammoniacal gas 
on the liquid fluoric acid, that it contains 
no water. 

On this subject Dr. Thomson has the 
following aphorism : ** When anv acid 
that contains water is combined in this 
manner with ammoniacal g^ if we heat 
the salt formed, water is always diseng^- 
ed. Thus sulphuric acid, or nitric acid, or 
phosphorous acid, when saturated with 
ammoniacal gas and heated, g^ve out 
always abundance of water. But fluate of 
ammonia, when thus treated, gave out 
no water. Hence we have no evidence 
that fluoric acid contains any water." 
The whc^e of tins reasoning is visionary. 



It hai been proved in my ezperimeBbi 

rese^hes on the amoKmiacal salts, in. 
sorted in the tenth volume of the Amuds 
of Pli^osophy, that the sulphate and ni- 
trate pf ammonia, in the driest state to 
which they can be brought by heat, short 
of their decomposition, contain one atom 
or prime equivalent of water, which is in- 
deed essential to their very existence, and 
which water cannot be separated by heair 
alone. If concentrated oil of vitriol be sa- 
turated with dry ammoniacal gas, a solid 
salt will be obtained, firam which heat 
alone will not separate the proportion of 
water it contains, and which amounts to 
13.6 percent. A stronger heat will merely 
separate a portion of the ammonia from 
the acid, or volatilize both. In the former 
case the acid retiuns its atom of water. 
Hence we see, that no inference whatever 
can be drawn from the ammoniacal com- 
bination with liquid fluoric acid, to neg». 
tive the probability that it may contain, 
from the mode of its extraction, combined 
water, like the sulphuric and nitric acids. 
The inferences from the analogx>us ac- 
tions of potassium on the muriate and fluate 
of ammonia, are all liable to the same 
fallacy. If the combined water of the 
fluoric acid pass into the salt, as with 
sulphuric acid it undoubtedly does, then 
hydrogen and fluate of potash ought to 
result, from the joint actions of potassium 
and the %«&*o-fluoricacid. 

The chocolate powder which is evolved 
at the positive pole, and the hydrogen at 
the negative, when liquid fluoric acSl was 
subjected by Sir H. Davy to the voltaic 
power, can justify no decisive opinion on 
this intricate research. The mere coatinip 
of the platinum wire may as well be re- 
garded as the fluate of platinum, as a fluor- 
ide. Nor does the decomposition of the 
fluates of silver and mercury, when heated 
in glass vessels with chlorine, seem to 
prove any thin^ whatever. The oxygen 
evolved, is obviously separated from the 
oxides of silver or mercuiy when acted on 
by chlorine; and tlie dry fluoric acid 
unites to the silica of the glass, forming 
silicated fluoric g^ or fluo-tnlicic acid. 

In thus showing the inconclusiveness of 
Dr. Thomson's four different argumenta^ 
to prove that fluoric acid is a compound of 
an unknown radical, Jluorine, with hydro- 
gen, and not of an unkpown radical, which 
might be termed fluor, with oxygen ; one 
cannot help, however, expressing a high 
admiration of Sir H. Davy's experimental 
researches on fluoric acid, which were 
published in the second part of the Phil- 
osophical Transactions for 1&13. He did 
aU which the exitHng resouroes of science 
could enable genius and judgment to ac- 
complish. The mystery in which the 
subject obvioudy and confessedly rem«ns. 
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mnft be removed by fin^a^ iiiT«M]g;MioiM» 
Mid not by analog;ical aMumptions. These, 
indeed, by giving restinr points to the 
imagination, of which it becomes ^ound, 
powerfully tend to obstruct the advance- 
ment of truth. 

The principal reason for considering 
fluoric acid as a compound of fluorine with 
hydrogen* seems on the whole to be the 
unahgy of chlorine. But the analogy is in- 
complete. Certainly it is consonant to the 
true logic of chemical sdence to regard 
chlorine as a simple body, since every at- 
tempt to resolve it into simpler forms of 
matter has failed. But fluorine has not 
been exhibited in an insulated state like 
chlorine ; and here therefore the analogy 
does not hold. 

With the view of separating its hydro- 
gen. Sir H, Davy applied the power of the 
great voltaic batteries of the royal Institu- 
tion to the liquid fluoric acid. '< In this 
case, g^ appeared to be produced from 
both the negative and positive surfaces ; 
but it was probably only the undecom- 
pounded acid rendered gaseous, which 
was evolved at the positive surface ; for 
during the operation the fluid became 
▼ery not, and speedly diminished.'' << In 
^e course of these investigations I made 
several attempts to detach hydrogen from 
the liquid fluoric acid, by the agency of 
czygen and chlorine. It was not decom- 
posed when passed throuj^h a platinatube 
heated red hot with chlonne, nor by being 
distilled from salts containing abundance 
of oxygen, or those containing abundance 
of chlorine ." By the strict rules of chem- 
ical logic, therefore, fluoric acid ought to 
be re^u^edas a simple body, for we have 
no evidence of its evier havi ag been de- 
composed ; and nothing but analogy with 
the other acid bodies has given rise to the 
assumption of its being a compound. 

There is no difficulty in imagining a 
radical to exist, whose saturating powers 
are exactly one-third of those of hydrogen; 
for 0.375 is precisely thrice 0.125, the 
weight of the prime equivalent of hydro- 
gen; and one-half of 0.750, the equivalent 
of carbon. Those who are allured by the 
harmony of numbers, might possibly con- 
sider these examples of accordance, as of 
some value in the discussion. 

The marvellous activity of fluoric acid 
may be inferred from' the following re- 
marks of Sir H. Davy, from which also 
may be estimated in some measure the 
prodigfious difliculty attending refined in- 
vestigations on this extraoidinaiy sub- 
stance. 

«* I undertook the experiment of elec- 
^zing pure liquid fluoric acid with con- 
siderable interest, as it seemed to offer the 
most probable method of ascertaining its 
real nature J but considerable <£fficultie8 



occurred in executing the process. The 
liquid fluoric acid immediately destroys 
glass, and all animal and vegetable sub- 
stances; it acts on all bodies contain- 
ing metallic oxides ; and I know of ncsub- 
stances which are not rapidly dissolved 
or decomposed by it, except metals, char- 
coal, phosphorus, sulphur, and certain 
combinations of chlorine. I attempted to 
make tubes of sulphur, of muriates of lead 
and of copper containing metallic wires, by 
which it might be electrized, but with- 
out success. I succeeded, however, in bor- 
ing a piece of horn silver in such a manr 
ner that I was able to cement a platina 
wire into it by means of a spirit lamp ; and 
by inverting this in a tray of platina, filled 
with liquid fluoric acid, I contrived to 
submit the fluid to the agency of elec- 
tricity in such a manner, that, m succe»> 
sive experiments, it was posnble to col- 
lect any elastic fluid that might be pro- 
duced Operating in this way with a 
▼ery weak voltidc power, and keeping 
the apparatus cool by a freezing mixture 
I ascertained that the plaiina wire at the 
positive pole rapidly corroded, and be- 
came covered with a chocolate powder ; 
gaseous matter separated at the negative 
pole, which I could never obtain in suffi- 
cient quantities to analyze with accuracy, 
but it inflamed like hydrogen. No other 
inflammable matter was pi^duced when 
the acid was pure." We h^^ to refer the 
reader to the Philosophical Transactions 
for 1813 and 1814; or the 42d and 43d 
vols, of TiUoch's Mag^ine, where he will 
see philosophical sagacity and experimen- 
tal skill in their utmost variety and vigour, 
struggling with the most mysterious and 
intractable powers of matter. 

If instead of being distilled in metallic 
vessels, the mixture of fluor spar and oil 
of vitriol be distilled in glass vessels, little 
of the corrosive liquid will be obtained ; 
but the glass will oe acted upon, and a 
peculiar gaseous substance will be pro- 
duced, which must be collected over mer- 
cury. The best mode of procuring this 
gaseous body is to mix the nuor spar with 
pounded glass or quartz ; and in this case, 
the glass retort may be preserved from 
corrosion, and the g^ obtained in greater 
quantities. This gas, which is called sili- 
cated fluoric gas, is possessed of veiy ex- 
traordinary properties. 

It is very heavy ; 100 cubic inches of it 
weigh 110.77 gr. and hence its sp. gr. is 
to that of air, as 3.6.S2 is to 1.000. It is 
about 48 times denser than hydrogen. 
When brought into contact with water, it 
instantly deposites a white gelatinous sub- 
stance, which is hydrate of silica ; it pro- 
duces white fumes when suffered to pass 
into the atmosphere. It is not affected by 
any pf the common combustible bodies ; 
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imt wben potassiam ii strongly heated in 
it, it takes fire and bums wil£ a deep red 
fight ; the g^a is absorbed, and a fawn-co- 
loured substance is formed, whidi yields 
Alkali to water with slight effervescence, 
and contains a combustible body. The 
wasbing^ aflfbrd potash and a salt, from 
which the strong acid fluid previously de- 
scribed, may be separated by sulphuric 
acid. 

The gas formed by the action of liquid 
sulphuric acid on a mixture containing 
silica and fluor spar, the silicated fluoric 
gas orfloo-siHcic acid, may be regarded as 
a compound of fluoric acid and silica, it 
affords, when decolnposed by solution of 
ammonia, 61.4 per cent of silica; and 
hence was at first supposed by Sir H. Da- 
yy to consist of two prime proportions of 
acid » 3.652 and one of silica ^ 4.066, ihe 
sum of which numbers may represent its 
equivalents 6.718. One volume of it con- 
denses two volumes of ammonia, and they 
form together a peculiar saline substance 
which is decomposed by water. The com- 
position of this salt is easily reconciled to 
the numbers given as representing silica 
and fluoric acid, on the supposition that it 
contains 1 prime of ammonia to 1 of the 
fluosificic gas ; for 200 cubic inches of am- 
monia weigh 36.2 gr. and 100 of the add 
gas 110.77. Now 36.2 : 2.13 : : 110.77 : 
6.52. 

Dr. John Davy obtained, by exposing 
this gas to the action of water,^^"^ of its 
weight of silica ; and from the action of 
water of ammonia he separated -f^J^ of it* 
w^ght. Hence 100 cubic inches consist 
by weight of 68 silica and 42 of unknown 
fluoric matter, the gas which holds the 
alica in solution. Sir H. Davy, however, 
conceives that this gas is a compound of 
the basis of silica, or silicon, with fluorine, 
the supposed basis of fluoric acid. 

1^ instead of glass or silica, the fluor spar 
be mixed with dry vitreous boracic acid, 
and distilled in a glass vessel with sulphu- 
ric acid, the proportions being one part 
boracic acid, two fluor spar, and twelve 
oU of vitriol, the gaseous substance formed 
b of a different kmd, and is called the fluo- 
boric g93, 100 cubic inches of it weigh 
73.5 g^. according to Sir 11. Davy, which 
makes its density to that of air as 2.41 is to 
1.00; bat M. Thenard, from Dr. John 
Davy, states its density to that of air as 
2.371 to 1.000. It is colourless; its smell 
is pungent, and resembles that of muriatic 
acid ; It cannot be breathed without suf- 
focation ; it extinguishes combustion ; and 
reddens strongly the tincture of turnsole. 
It has no manner of action on glass ; but a 
veiy powerful one on vegetable and ani- 
mal matter : It attacks them with as much 
force as concentrated sulphuric acid, and 
jppears to operate on these bodies by 
Vol. I. [6J 



the production of water; for while it txti- 
bonizesthem, or evolves carbon, they may- 
be touched without any risk of burning. 
Exposed to a high temperature, it is not 
decomposed; it is condensed by cold 
without changing its form. When it is put 
in contact with oxygen, or air, either at a 
high or low temperature, it experiences 
no change, except seizing, at ordinary 
temperatures, the moisture which these 
gases contain. It becomes in consequence 
a liquid which emits extremely dense va- 
pours It operates in the same way with 
ail the gases which contain hygrometric 
water. However little they may contain, 
it occasions in them very perceptible va- 
pours. It may hence be employed with ad* 
vantage to show whether or not a gas con* 
tains moisture. 

No combustible body, simple or com- 
pound, attacks fluoboric gas, if we except 
the alkaline metals. Potassium and sodi- 
um with the aid of heat, bum in this g^ 
almost as brilliantly as in oxygen. Boron 
and fluate of potaish, are the products of 
this decomposition. It might hence be in- 
ferred that the metal seizes the oxygen of 
the boracic acid, sets the boron at liberty, 
and is itself oxidized and combined wim 
the fluoric acid. According to Sir H. Da- 
vy's views, the fluoboric g^ being a com* 
pound of fluorine and boron, the potassium 
unites to the fbrmer, giving rise to the 
fluoride of potassium, \mile the boron re^ 
mains disengaged. 

Fluoboric gas is very soluble in water; 
Dr. John Davy says, water can combine 
with 700 times its own volume, or twice 
its weight at the ordinary temperature and 
pressure of the air. The liquid has a spe- 
cific gravity of 1.770. If a bottle contain- 
ing tms gas be uncorked under water, the 
liquid wSl rush in and fill it with explosive 
violence. Water saturated with this gas is 
Hmpid, fuming and very caustic. By heat, 
about one-fifth of the absorbed gas may be 
expelled; but it is impossible to abstract 
more. It then resembles concentrated sul- 
phuric acid, and boils at a temperature 
considerably aboVe 212**. It afterwards 
condenses altogether, in stria, although it 
contains still a very large quantity of g^ 
It unites with the bases, forming salts, call- 
ed fluoborates, none of which has been 
a|}plied to any use. The most important 
will be described under their respective 
bases. 

The 2d part of the Phil. Transactions 
for 1812, contains an excellent paper by 
Dr. John Davy on fluosilicic and fluoboric 
gases, and the combinations of the latter 
with ammoniacal gas. When united in 
equal volumes, a pulvenilent salt is form- 
ed ; a second volume of ammonia, howev- 
er, gives a liquid compound ; and a third 
of ammonia, which is the limit of cuaibi- 



miSof^ ntfMM 9till « liqiud; boUi of thAm 
curious on ipany accounts. ** lliey are,'* 
sa^s be, ** the first salts that have been ob« 
■erved liquid at the common temperature 
of the atmosphere. And they are addition- 
al facts in support of the doctrine of defi« 
nite proportions, and of the relation of vol- 
umes." The fluosilicic acid also unites to 
bases forming fluosilicates. 

If we re^rd fluoric acid as capable of 
combining, like the sulphuric, nitric, and 
carbonic acids, with the oxidized bases, 
the weight of its prime equivalent is 1.375; 
whence all its neutral compounds may be 
inferred ; but if we suppose that it is fluo- 
ri'ne alone which unites to the metaUic 
bases, then the prime of oxygen must be 
•ubtracted from them and added to iu 
weight, which will make it 2.375. This is 
exactly like a man taking a piece of money 
out or the one pocket, an* I putting it in 
the other. All the propori ions experimen- 
tally associated with the compound, re- 
main essentially the same.* 

From the remarkable property fluoric 
acid possesses of corroding glass, it has 
been employed for etching on it, both in 
the gaseous state and combined with wa- 
ter ; and an ingenious apparatus for this 
purpose is given by Mr. Richard Knight* 
in the Philosophical Magazine, vol. xvii. p. 

M. Kortum, of Warsaw, having found 
tijiat some pieces of glass were more easily 
acted upon by it than others, tried its ef* 
f(QCt on various stones. Rock crystal, ruby , 
Bftpphire, hix sapphire, emerald, oriental 
l^met, amethyst, chrysolite, aventurine, 
girasol* a Saxon topaz, a Brazilian topaz 
Dumt, and an opal, being exposed to the 
fluoric gas at a temperature of 122'^ P. 
V[SA not acted upon. Diamond exposed 
t^ the vapour on a common German stove 
fpr four days, was unaffected. Of polished 
granite, neither the quarts nor mica ap- 
peared to be attacked, but the feldspar 
was rendered opaque and muddy, and co- 
hered with a white powder. Chrysoprase* 
ixi opal from Hungary, onyx, a carnelian 
lyom Persia, agate, chalcedony, green Si- 
berian jasper, and common flint, were 
etched by it in twenty-four hours; the 
chrysoprase near half a line deep, the 
pnyx pretty deeply, the opal with the 
finest and most regular strokes, and all 
Qie rest more or less irregularly. The un- 
covered part of the brown flint had be- 
come white, bqt w;as still compact : w^ater, 
alcohol, and other liquids, rendered the 
whiteness invisible, but as soon as the flint 
became diy, it appeared again. The same 
^ect was produced on carnelian, and on 
a dark brown jasper, if the operation of 
the acid were stopped, as soon as it had 
whitened the part exposed, without de- 
stroying its texture. Apiece of black flint. 
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with eflloreacent white fpota^ loid partly 
covered with the common white crust^ be- 
ing exposed five days to the gas at a heat 
of about 6&^ F. was reduced from 103 
grains to 91, and rendered white through- 
out. Some parts of it were rendered fria- 
ble. White Carrara marble in twenty four 
hours, at 77"*, lost l-30th of its weight, but 
the shining surface of its crystallized tex- 
ture was distinguishable. Black marble 
was not affected, either in weight or co- 
lour, and agate was not attacked. Trana- 
parent foUated gypsum fell into white 
powder on its suiface, in a few hours ; but 
this powder was not soluble in dilute ni- 
tric acid, — so that the fluoric acid had not 
destroyed the combination of its princi- 
ples ; but deprived it of its water of crys- 
tiUlization. A striated zeolite, weighinff 
102 grains, was rendered friable on ita sur« 
face in forty-eight hours, and weighed only 
85} grains. On being immersed in water^ 
and then dried, it gained 2} grains, but 
^d not recover its lustre. Bar^'tes of a fi- 
brous texture remained unchanged. A xlm 
plate of Venetian talc, weighing XU4 gr^ 
was reduced to 81 gmns in Wty-ei^t 
hours, and bad fiUlen into a soft pow<&r» 
which floated on water. M. Kortum pour*> 
ed water on the residuum in the ai^pam- 
tus, and the next day the sides were in- 
crt^sted with small crystalline glittering 
flakes, adhering in detached masses, which 
could not be wa^ed off* with dilute ni- 
trous acid. 

Of the combinations of this acid with 
most of the bases little is known. 

The native fluate of lime, the fluor spar 
already mentioned, is the most common. 
It is rendered phosphorescent by heat, but 
this property gradually goes on, and can- 
not be produced a second time. With a 
strong heat it decrepitates. At a heat of 
130** of Wedgwood, it enters into fusion 
in a clay crucible. It is not acted upon hy 
the air, and is insoluble in water. Concen- 
trated sulphuric acid deprives it of the flu- 
oric acid with efl*ervescence, at the com- 
mon temperature, but heat promotes its 
action. Besides its use for obtaining this 
acid, it is much employed in chimney or- 
naments, and as a flux for some ores and 
stones. 

The fluoric acid takes baiytes from the 
nitric and muriatic, and forms a salt very- 
little soluble, that effloresces in the air. 

With magnesia, it precipitates, accord- 
ing to Scheele, in a gelatinous mass. But 
Bergmann says, that a part remains in so- 
lution, and by spontaneous evaporation, 
shoots on the sides of the vessel into crys- 
talline threads, resembling a transparent 
mass. The bottom of the vessel affords al« 
so ciystals in hexagonal prisms, ending in 
a low pyramid of three rhombs. He adds^ 
that no acid decomposes it h\ the moist 
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tkray, and Aat It is mialtenble by the molt 
violent fire. 

The fiuate of potash b not crystalliza- 
We ; and if it be evaporated to dryness, it 
soon deliquesces. Its taste is somewhat 
acrid and saline. It melts with a strong 
heat, is afterward caustic, and attracts 
moisture* 

This fiuate, as well as those of soda and 
ammonia, are commonly obtained, as Four- 
croy CMinceires, in the state of triple salts, 
being combined with siliceous earth. 

The fiuate of soda afibrds small crystals 
in cubes and parallelograms, of a bitterish 
and astringent taste, decrepitating on burn- 
ing coals, and melting into semitransparent 
globules with the blowpipe, without losing 
their acid. It is not deliquescent, and dit- 
ficuhfy aoluble. The concentrated acids 
disengage its acid with effervesence. 

The miate of ammonia may be prepared 
by adding carbonate of ammonia to diluted 
fiuoric acid in a leaden vessel, observing, 
that there is a smdl excess of acid. This is 
a very delicate test of lime. 

Poufcroy informs us, that ammonia and 
magnesia form a triple salt with the fluoric 
acid. 

Scheele observed, that the fluor acid 
united with alumina into a salt that could 
not be crystallized, but assumed a gela- 
tinous form. Fourcroy adds, that the solu- 
tion IS always acid, astringent, decompo- 
sable and precipitable by all the earthy 
and alkaline bases, but capable of uniting 
with sOex and the alkalis into various triple 
salts. A native combination of alumina and 
soda with fiuoric acid, has been found late- 
ly in a semitransparent stone from Green- 
land. See Cbtolttz. 

The affinity of the fiuoric acid for silex, 
has already appeared. If the acid solution 
of fiuate of silex, obtained by keeping the 
solution of the acid in glass vessels, be 
evaporated to drvness, the fluoric acid may 
be disengaged from the solid salt remain- 
ing, as Fourcroy informs us, either by the 
powerful acids, or by a strong heat ; and 
if the solution be kept in a vessel that ad- 
mits of a slow evaporation, small brilliant 
crystals, transparent, hard, and apparently 
of a rhomboidal figure, will form on the 
bottom of the vessel, as Bergmann found 
in the course of two years' standing. 

Beddes the fluor spar and cryolite, in 
which it is abundant, fiuoric acid has been 
detected in the topaz ; in wavellite, in 
which, however, it is not rendered sensi- 
ble by sulphuric acid ; and in fossil teeth 
and fossil ivoiy, though it is not found in 
cither of these in their natural state. 

AcTDs (FxBBOPEussic and FRaavBBTTSB 
Chtamc). See Acid (Patrssic). 

AciB (FoBKic). It has lonj^ been known, 
Ibat ants eontun a strong acid, which they 

bcca&onally emit ; and which may be ob- 



tained finm the ants, either by simple dis- 
tillation, or by infusion of them in boiling 
water, and subsequent distillation of as 
much of the water as can be brought over 
without burning the residue. After this it 
may be purified by repeated rectification*, . 
or by boiling to separate the impurities ; or 
after rectification it may be concentrated 
by frost. 

• This acid Ihis a very sour taste, «nd 
continues liquid even at very low temper- 
atures. Its specific g^vity is 1.1 168 at 68^, 
which is much denser than acetic acid ever 
is. Berzelius finds, that the formiate of 
lead consists of 4.696 acid, and 14 oxide 
of lead ; and that the ultimate constituents 
of the dry acid are hydrogen 2.84 -|- cai> 
bon 32.40 + oxygen 64.76 - 100.» 

We have been informed, that it has been 
employed among quacks, as a wonderful 
remedy for the toothach, bv applying it to 
the tooth with the points of tiie forefinger 
and thumb. 

• Acid (Fuaeic). The expressed juice 
of the boletus Ju^iandi9f boletiu paeudthigiW' 
ariuB, the phaliua impwUcutt mantUua casu 
thareUvst or the pe^za fdgra^ being boiled 
to coagulate the albumen, then filtered, 
evaporated to the conustence of an ex- 
tract, and acted on by pure alcohol, leaves 
a substance which has been called by 
Braconnot Fungic ^cid. He dissolves that 
residue in water, added solution of acetate 
of lead, whence resulted /ungate of lead, 
which be decomposed at a gentle heat by 
dilute sulphuric acid. The evolved fun« 
gic acid being saturated with ammonia, 
yielded a crystallized fungate of ammonis^ 
which he purified by repeated solution 
and ciystallization. Trom. this salt by ace- 
tate of lead, and thereafter sulphuric acid 
as above detailed, he procured the puic 
fungicacid. 

It is a colourless, uncrystallizable, and 
deliquescent mass, of a very sour taste. 
The fung^tes of potash and soda, are un- 
crystallizable ; that of ammonia forms re- 
gular six-sided prisms ; that of lime is 
moderately soluble, and is not affected by 
the air ; that of barytes is soluble in 15 
times its weight of water, and crystallizes 
with difficulty ; that of magnesia appears 
in soluble granular crystals. This acid pre- 
cipitates from the acetate of lead a white 
fiocculent fungate, which is soluble in dis- 
tilled vinegar. When insulated, it does 
not affect solution of nitrate of silver; but 
the fung^tes decompose this salt.* 

Acid (Gallic). This acid is found in 
different vegetable substances possessing 
astringent properties, but most abundant- 
ly in the excrescences termed galls, or nut- 
falls, whence it derives its name. It may 
e obtained by macerating ^^s in water# 
filtering, and suffering the liquor to stand 
exposed to the air. It will grow mooldyy 
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be covered with a thick glutinoufl pellicle^ 
abundance of glutinous floc)cs will fall 
down, and, in the course of two or three 
months, the sides of the vessel will appear 
covered with small yellowish crystals, 
abundance of which will hkewise be found 
on the under surface of the supernatant 
pellicle. I'hese crystals may be purified 
by solution in alcohol^ and evaporation to 
drypcss. 

Or muriate of tin may be added to the 
infusion of galls, till no mure precipitate 
falls down ; the excess of oxide of tin re- 
maining in the solution, may then be pre- 
cipitated by sulphuretted hydrogen ga^ 
and the liquor will yield crystals of gallic 
acid by evaporation. 

A more simple process, however, is that 
of M. Fiedler. Boil an ounce of powdered 
galls in sixteen ounces of water to eight, 
and strain. Dissolve two ounces of alum 
in water, precipitate the alumina by car- 
bonate of potash ; and, after edulcorating 
it completely by repeatc'd ablutions, add it 
to the decoction, frequently stirring the 
mixture with a glass rod. The next day 
filter the mixture ; wash the precipitate 
with warm water, till this will no longer 
blacken sulphate of iron ; mix the wash- 
ings with the filtered liquor, evaporate, 
and the gallic acid wiU be obtained in fine 
needled crystals. 

These crystals obt^ned in any of these 
ways, however, according to Sir H. Davy, 
are contaminated with a small portion of 
extractive matter ; and to purify them they 
may be placed in a ^lass capsule in a sand 
heat, and sublimed into another capsule, 
inverted over this and kept cool. M. De- 
yeux indeed recommends to procure the 
acid by sublimation in the first instance ; 
putting the powdered galls into a glass 
retort, and applying heat slowly and cau- 
tiously ; when the acid will rise, and be 
condensed in the neck of the retort. This 
process requires great care, as, if the heat 
be carried so far as to disengage the oil, 
the crystals will be dissolved immediately. 
The crystals thus obtained are pretty large, 
laminated, and brilliant.. 

The gallic acid, placed on a red-hot 
iron, burns with flame, and emits an aro- 
matic smell, not unlike that of benzoic acid. 
It is soluble in 20 parts of cold water, and 
in 3 parts at a boiling heat. It is more so- 
luble in alcohol, which takes up an equal 
weight if heated, and one-fourth of its 
■weight cold. 

* It has an acido-astringent taste, and 
reddens tincture of litmus. It does not at- 
tract humidity from the air. 

From the gallate of lead, Berzelius infers 
the equivalent of this acid to be 8.00. Its 
ultimate constituents are, hydrogen 5.00 
+ carbon 56.64 + oxygen 38.36 — 100. 

This acidi in its combinations with the 



talifiable -bases, presents some remarkable 
phenomena. If we pour its aqueous solu- 
tion by slow degrees into lime, bary tes, or 
strontian water, there wiQ first be formed 
a greenish white precipitate. As the quan- 
tity of acid is increased, the precipitate 
changes to a violet hue, and eventually 
disappears. The hquid has then acquired 
a reddish tint. Among the salts those only 
of black oxide, and red oxide of iron, are 
decomposed by the pure gallic acid. It 
forms a blue precipitate with the firs^ 
and a brown with the second. But when 
this acid is united with tannin, it decom>- 
poses almost all the salts of the permanent 
metals.* 

Concentrated sulphuric acid decompo* 
ses and carbonizes it ;. and the nitric acid 
converts it into malic and oxalic acids. 

United with barytes, stK>ntian, lime, and 
magnesia, it forms salts of a dull yellow 
colour, which ai*e littie soluble, but more 
so if tiieir base be in excess. With alkalis, 
it forms salts that are not very soluble in 
general. 

Its most distinguishing characteristic is 
its great affinity for metallic oxides, so as, 
when combined with tannin, to take theni 
from powerful acids. The more readily 
the metallic oxides part with their oxy- 
gen, the more they are alterable b^ the 
gallic acid. To a solution of gold, it ink- 
parts a green hue ; and a brown precipi- 
tate is formed, which readily passes to 
.the metallic state, and covers the solution 
with a shining golden pellicle. With ni- 
tric solution of silver, it produces a amilar 
effect. Mercury it precipitates of an orange 
yellow ; copper, brown ; bismuth, of a le- 
mon colour; lead, white ; iron, black. Pl»> 
tina, zinc, tin, eobak, and manganese, are 
not precipitated by it. 

The gallic acid is of extensive use in the 
art of dyeing, as it constitutes one of the 
principal ingredients in all the shades of 
black, and is employed to fix or improve 
several other colours. It is well known 
as an ingredient in ink. See Galls, Dye- 
ing and Ink. 

* Acid (Htbaoctaitic). See Acin 
(Pkussic). 

• Acid (HtdriobioV This acid resem- 
bles the muriatic in oeing gaseous in its 
insulated state. If four parts of iodine be 
mixed with one of phosphorus, in a smaO 
glass retort, applying a gentie heat, and 
addii^ a few drops of water from time to 
time, a gas comes over, which must be 
received in the mercurial bath. Its spe- 
cific gravity is 4.4; 100 cubic inches^ 
therefore, weigh 134.2 g^ns. It is elas- 
tic and invisible, but has a smell some- 
what similar to that of muriatic acid. Mev- 
cuiy after some time decomposes it, seiz- 
ing its iodine, and leaving its hydrogesi 
equal to one-half the original hulkj at IL- 
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heity. Clilorine, on the odiar lMiid» 

unites to its hydrogen, and precipit&tes 
the iodine. From these experiments, it 
evidently consists of vapour of iodine and 
hydro^n, which combine in equal vo- 
lumes, without change of their primitive 
bulk. Its composition by weight, is there- 
fore 8.61 of iodine + 0.0694 hydro^n, 
which is the relation of their gasiform 
densities; and if 8.61 be divided by 0.0694^ 
it will give the prime of iodine 124 times 
greater than hydrogen ; and as the prime 
of oxygen is eight tmiesmore than uat of 
hydrogen, on £viding 124 by 8, we have 
15.5 for the prime equivalent of iodine ; 
to which, if we add 0.125, the sum 15.625 
represents the equivalent of hydriodic 
acid. The number deduced for iodine, 
from the relation of iodine to hydrogen in 
volume, approaches very nearly to 15.621, 
which was obtained in the oUier experi- 
ments of M. Gay-Lussac. Hydriodic acid 
is partly decomposed at a red heat, and 
the decomposition is complete, if it be 
mixed vrith oxygen. Water is formed and 
iodine separated. 

M. Gay-Lussac, in his admirable memoir 
•n iodine and its combinations, published 
in the Ann. de Chimie, voL xci. says, that 
the specific gravity he there g^ves for hy- 
driodic gas, viz. 4.443, must be a little too 
great, for traces of moisture were seen in 
the infflde of the bottle. In fact, if we 
take 15.621 as the prime of iodine to oxy- 
gen, whose specific gravity is 1.1111; 
and multiply one-half of this number by 
15 621, as he does, we shall have a pro- 
duct of 8.6696, to which adding 0.0694 
for the density of hydrogen, we get the 
sum 8.7390, one-half of which is obvious- 
ly the density of the hydriodic gas «» 
4.3695. When the prime of iodine is ta- 
ken at 15.5, then the density of the gas 
comes out 4.3. 

We can easily obtain an aqueous hy- 
driodic acid very economically, by pass- 
ing sulphuretted hydrogen gas through a 
mixture of water and iodine in a Woolfe's 
bottle. On heating the liquid obtained, 
the excess of sulphur flies off, and leaves 
Equid hydriodic acid. At temperatures 
below 262^, it parts with its water; and 
beccmies of a density » 1.7. At 262<> the 
add &1ils over. When exposed to the 
air, it is speedily decomposed, and iodine 
is evolved. Concentrated sulphuric and 
nitric acids also decompose it. When 
poured into a saline solution of lead, it 
throws down a fine orange precipitate. 
With solution of peroxide of mercury, it 
^ves a red precipitate ; and with that of 
ffilver, a white precipitate insoluble in am- 
monia. Hydriodic acid may also be form- 
ed, by pasnng hydrogen over iodine at an 
elevated temperature. 

The compounds of hydriodic acid with 



the Mfifiable bates may be et»]y foltted^ 

either by direct combination, or by acting 
on the basis in water, with iodine. Tho 
latter mode is most economical. Upon a 
determinate quantity of iodine, pour solu- 
tion of potash or soda, till the liquid ceases 
to be coloured. Evaporate to dryness, 
and digest the dry salt in alcohol of the 
specific gravity 0.810, or 0.820. As the 
iodateisnot soluble in this liquid, while 
the hydriodate is very soluble, the two 
salts easily separate from each other. Af- 
ter having washed the iodate two or three 
times wim alcohol, dissolve it in water, 
and neutralize it with acetic acid. Evib 
porate to dryness, and digest the diy salt 
m alcohol) to remove the acetate. After 
two or three washings, the iodate is pure. 
As for the alcohol containing the hydrio 
date, distil it off, and then complete the 
neutralization of the potash, by means of 
a little hydriodic acid separately obUuned. 
Sulphurous and muriatic acids, as well as 
sulphurettedhydrogen, produce no change 
on the hydriodates, at the usual temperap 
ture of the air. 

Chlorine, nitric acid, and concentrated 
sulphuric, instantly decompose them, and 
separate the iodine. 

With solution of silver, they ^ve a white 
precipitate insoluble in ammonia ; with the 
pemitrate of mercury, a greenish yellow 
precipitate; with corrosive subhmate, « 

J>recipitate of a fine orange red, very so- 
uble m an excess of hydriodate; and with 
nitrate of lead, a precipitate of an orange 
yellow colour. They dissolve iodine, and 
acquire a deep reddish brown colour. 

HydriodcUe of potash^ or in the dry state, 
iodide of potassium, yields ciystals like 
sea-salt, which melt and sublime at a red 
hdat. This salt is not changed by being 
heated in contact with air. 100 parts of 
water at 64°, dissolve 143 of it. It con- 
sists of 15.5 iodine, and 4.95 potassium. 

Hydriodate of soda^ called in the dry 
state iodide of sodtum^ may be obtained in 
pretty lar^e flat rhomboidal prisms. • These 
prisms unite together with larger ones, 
terminated in echellon, and striated long^ 
ways, like those of sulphate of soda. 
This is a tnie hydriodate, for it contains 
much water of ciystallization. It consists, 
when dry, of 15.5 iodine -f- 2.95 so- 
dium. 

Hydriodate ofbarytet crystallizes in fine 
prisms, similar to muriate of strontian. In 
its dry state, it consists of 15.5 iodine +. 
8.7 or 8.75 barium. 

The hydriodates ofUme and strontian are 
very soluble; and the first exceedingly 
deliquescent. 

Hydriodate of ammonia results from the 
combination of equal volumes of ammonia- 
cal and hydriodic gases; though it is usual- 
ly prepared by saturating the liquid acid 
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wftfi MtfiMmiA. It 19 neaify ts molntSIe as 
iid ammoniac; but it is tnore Soluble and 
more deliquescent. It crystallizes in cubes. 
From this compound, we may infer the 
prime of hydriodic acid, from the specific 
gravity of the hydriodic ^; or having 
the prime, we may determme the sp. gr. 
If we call 15.623 its equivalent, then we 
bave thid proportion : — As a prime of am- 
ttionta, to a prime of hydriodic acid, so is 
the density of ammoniacal, to that of hy- 
driodic ras. 

2.13 : 15.625 : : 0.59 : 4.328. 

This would make 100 cubic incheft 
weigh exactly 132 grains. 

hifdriodate of magnesia is formed by un!t> 
ing its constituents together; it is defi- 
^uescent, and cirstallizes with difficulty. 
It is decomposed by a strong heat. 

Jfydrhdate of zinc is easily obtuned, by 
putting iodine into water with an excess of 
Aiic, and favouring their action by heat. 
When dried it becomes an iodide. 

All the hydriodates have the property 
llf dissolving abundance of iodine; and 
thence they acquire a deep reddish brown 
eoknir. They part with it on boiling, or 
when exposed to the air after being 
dried.^ 

* Acid (Iodic J. When barytes water is 
made to act on iodine, a soluble hydrio- 
date, and an insoluble iodate of barytes, 
^•re formed. On the latter, well washed, 
pour sulphuric acid equivalent to the ba- 
jytes present, diluted with twice 2t« 
weight of water, and beat the mixture. 
The iodic add quickly abandons a portion 
cf its base, and combines with the water; 
but though even less than the equivalent 
proportion of sulphuric acid has been 
used, a little of it will be found mixed 
with the liquid acid. If we endeavour to 
separate this portion, by adding barytes 
water, the two acids precipitate toge&er. 

The above economical process is that of 
M. Gay-Lussac ; but Sir H. Davy, who is 
the first discoverer of this acid, invented 
«ne more elegant, and which vields a 

Surer acid. Into a long glass tube, bent 
ke the letter L inverted (-7), shut at one 
end, put 100 grains of chlorate of potash, 
and pour over ^it 400 grains of muriatic 
acid, specific gravity 1.105. Put 40 grains 
ef iodine into a thin long-necked receiver. 
Into the open end of the bent tube put 
aome muriate of lime, and then connect 
it with the receiver. Apply a gentle heat 
to the sealed end of the former. Pro- 
toxide of chlorine is evolved, which, as 
it comes in contact with the iodine, pro- 
duces combustion, and two new com- 
pounds, a compound of iodine and oxy- 
gen, and one of iodine and chlorine. The 
latter is easily separable by heat, while 
tiie former remains in a state of purity. 
The iodic acid of Sir H. Davy i» a wliite 



temi-transparent solid, ft has a strong 
acido-as'ring^nt tas^e, but no smell. Its 
density is considerably greater than that 
of sulphuric acid, in which it rapidly sinks. 
It melts, and is decomposed into iodine 
and oxygen, at a temperature of about 
620^. A grain of iodic acid gives out 
176.1 grain measures of oxygen ^. It 
would appear from this, that iodic acid 
consists of 15.5 iodine, to 5 oxygen. 
This agrees with the determination of M. 
Gay-Lussac, obtained from much greater 
quantities ; and must therefore excite ad- 
miration at the precision of result derived 
by bir H. from the very minute propor- 
tions which he used. 176.1 grain mea- 
sures, are equal to 0.7 of a cubic inch ; 
which, calling 100 cubic inches 33.88, 
will weigh 237 of a giiin, leaving 0.763 
for iodine. And 0.763 : 0.2 i7 : : 15.5 : 5.0. 
Iodic acid deliquesces in the air, and is» 
of course, very soluble in water. It first 
reddens, and then destroys the blues of 
vegetable infusions. It blanches other ve- 
getable colours. By conceni ration of the 
liquid acid of Gay-Lussac, it acquires the 
consistence of sirup. Had not the happy 
genius of Sir H. Davy produced it in the 
solid state, his celebrated French rival 
would have persuaded us to suppose that 
state impossible. ** Hitherto," says M. 
Gay-Lussac, ** iodic acid has only been 
obtained in combination with water, and 
it is veiy probable that this liquid is as 
necessary as a base, to keep the efements 
ef this acicl united, as we see is the case 
with sulphuric acid, nitric acid,** &c. M. 
Ga3'-Lu8sac*s Memoir was read to the 
Institute on the 1st August 1814 ; and, on 
the 10th February following. Sir H. dates 
at Rome his commimication to the Koyal 
Society, written before he had seen the 
French paper. When the temperature 
of inspissated iodic acid is raised to about 
392**, it is resolved into iodine and oxygen. 
Here we see the influence of water is ex- 
actly the reverse of what M. Gay-Lussac 
assigns to it ; for, instead of giving fixity 
fike a base to the acid, it favours its de- 
composition. The diy acid may be raised 
to upwards of 600^ without being decom- 
posed. Sulphurous acid, and sulphuret- 
ted hydrogen immediately separate iodine 
fix)m it. Sulphuric and nitric acids have 
no action on it. With solution of silver, 
it g^ves a white precipitate, very soluble 
in ammonia. It combines with all the 
bases, produces alt the iodates which we 
can obtain by making the alkaline bases 
act upon iodine in water. It likewise 
forms with ammonia a salt which fiilroin- 
ates when heated. Between the acid 
prepared by M. Gay-Lussac, and that of 
Sir H. Davy, there is one important dif^ 
ference. The latter being dissolved, may, 
by erapoxstiott of the Wftter, pass not only 
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U the inspiBnted sirapf ftiit«, but emi 
be made to assume a pasty, consistence ; 
and finally, by a stronger heat, yields the 
solid substance unaltered. When a mix- 
ture of it, with charcoal, sulphur^ rosint 
sugar, or the combustible metals, in a 
finely divided state, is heated, detonations 
are produced; and its solution rapidly 
corrodes all tlie metals to which Sir H. 
Davy exposed it, both gold and platinum, 
but much more intensely the first of these 
metals. 

It appears to form combinations with all 
the fluid or solid acids which it does not 
decompose. When sulphuric acid is drop- 
ped into a concentrated solution of it in 
hot water, a solid substance is precipita- 
ted, which consists of the acids in com- 
bination ; for, on evaporating the s lu- 
tion by a gentle heat, notliing rises but 
water. On increasing the heat in an ex* 
penment of this kind, the solid substance 
formed fused ; and on cooling the mixture, 
rhomboidal crystals formed of a pale yel- 
low colour, which were very fusible, and 
which <Ud not change at the heat at which 
the compound of oxygen and iodine de- 
composes, but subUmed unaltered. When 
urged by a much stronger heat, it par- 
tiaU\ sublimed and partially decomposedt 
affording oxygen, iodinei ^ixd sulphuriQ 
acid. 

With hydro phosphoric the compound 
presents phenomena precisely similar, and 
they form together a soUdi yellow, crys* 
talline combination. 

With hydro-nitric acid, it yields white 
crystals in rhomboidal plates, which, at a 
lower heat than the preceding acid com- 
pounds, are resolved into hydro-nitric 
acid, oxygen, and iodine. B^ liquid mu- 
riatic acid, the substance is immediately 
decomposed, and the compound of chlo- 
rine and iodine is formed. All these acid 
compounds redden vegetable blues, taste 
sour, and dissolve gold and platinum. 
From these curious researches. Sir H, 
Bavy infers, that M. Gay-Lussac's iodic 
acid, is a aulpho-iodic acid, and probably a 
definite compound. However minute the 
quantity of sulphuric acid made to act on 
the iodide of barium may be, a part of it 
is always employed to form the compound 
acid ; and tb^ residual fluid contains both 
the comi>ound acid and a certain quantity 
ofthe oii^natsalt. 

In trea;Ung of hydciodic acid, we have 
already described the method of forming 
^e iodat«8^ a class of salts distinguished 
chiefly for th/eir property of deflagrating 
when healed with combustibles.* 

*AGin (CoioBioBTo). The discovery of 
this interesting compound, constitutes an- 
Qlherof Siv H. Dave's contributions to the 
advancement of science. In a commuai*^ 
cafyoo, €ro9l Fl<^^9ce tQ tl|^ J^yil ^oqi^*. 



tgr, in llareb lfll4i he giret ft euikn* df« 
tjul of its preparation and properties. H« 
formed it, by admitting chlonne in excesf 
to known quantities of iodine, in vesselii 
exhausted of air, and repeatedly heating 
the sublimate. Operating in this wi^, bc^ 
found that iodine absorbs less than one* 
third of its weight of chlorine. 

Cbloriodic acid is a \^ry, volatile 8ub# 
stance, and in consequence of its action 
upon mercury, he was not able to deters 
mine the elastic force of its vapour. In tii^ 
most considerable experiment which h« 
made to determine proportions, 30 graimi 
caused the disappearance of 9,6 cubical 
inches of chlorine, l^hese weigh 7.29(1 
grains. And 20 : 7.296 : : 15.5 : $,% a num* 
ber certainly not far from 4.5, the primo 
equivalent of chlorine ; and in the vei^ 
delicate circumstances of the experiment 
an approximation not to be diapan^d* 
In%1eed, the first result in clpse vessel^ 
giving less than one-third of the wei^t 
of chlorine absorbed, comes sufficieody 
near 4.5, which is just a litUe leM titttt 
one-thii^d of IS J, the pri»e equivaleBt of 
iodine. 

The cbloriodic aoid formed by the sub* 
limation of iodine in a great exeeas of 
chlorine, is of a bright yeUov colour i 
when fused it becomes of a deep ocange^ 
and when rendeired elastic, it forma a d^p 
oran^ cokmred gaa» It b capable m 
combimng with much iodine wnea thef 
are heated together, its colour becomes, in 
consequence, deeper^ and the ohloriodio 
acid and the iodine rise together in the 
elastic state, llie solution of the chlo» 
riodic acid in water, likewise dtsaolveft 
large quantities of iodine, so that it is pes- 
sibie to obtain a fluid contaimng very dif- 
ferent proportions of iodine and chlorine. 

When two bodies so similar in theif 
chwacters, and in the compooads the^ 
form as iodine and chlorine, act upon 9ub« 
stances at the same time, it is difiBbcuh, Sie 
H. observes, to form a judgment of the 
different parts that they p»y in the new 
chemical arrang^ement produced. It ap« 
pears most probable, that the add pro« 
perty of the cbloriodic compound de« 
pends upon the combination of the' tw« 
bodies ; and its action upon solutions t^ 
the alkalis and earths may be easily ex* 
plained, when it is considered that chlo« 
rine has a gp^atec tendencjr than iodine ta 
form double compounds with the metala^ 
and that iodine has a greater tendency 
than chlorine to form triple- componadk 
with oxygen and the metids. 

A triple compound of this kind with so* 
dium may exist in sea water^ and would 
be separated with the first ciystals that 
are formed by its evaporation. Hence,. it 
may exist in common salt. Sir H. Davy 
«8fialiw«d» by fefidinir bitds wlh.breaA' 
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soaked with water, holding some of it in 
solution, that it is not poisonous like iodine 
itself.* 

Aciir (HTDBOTBioiric). Some of the 
Cverman chemists distinguish sulphuretted 
hydrogen by this name, on account of its 
properties resembling those of an acid. 

* Agid (Kihic). a peculiar acid ex- 
tracted by BI. Vauquelm from cinchona. 
Ijet a watery extract from hot infusions of 
ihe bark in powder be made. Alcohol re- 
noves the resinous part of this extract, 
and leaves a yiscid residue, of a brown co- 
lour, which has hardly any bitter taste, 
and which consists of kinite of lime and a 
mucila{[inou6 matter. This residue is dis- 
solved in water, the liquor is filtered and 
left to spontaneous evaporation, in a warm 
place. It becomes thick Kke sirup, and 
then deposites by degrees ctystalline 
plates, sometimes hexahedral, sometimes 
rhomboidal, sometimes square, and al- 
ways coloured sli^^htly «f a reddish brown. 
These plates of kinate of lime must be pu- 
rified by a second crystallization. They 
are then dissolved in 10 or 13 times their 
weight of water) and vexy dilute aqueous 
exahe acid is poured into the solution, till 
BO more precipitate is formed. By filtra- 
tion, the oxalate of lime is separated, and 
the kinic acid being cencentrated by spon- 
taneous evaporation, yields regular crys- 
tals. It is decomposed by heat. While it 
forms a soluMe salt with lime, it does not 
precipitate lead or silver from their solu- 
tions. These are characters sufficiently 
dUstincUve. The kinates are scarcely 
known ; that of time constitutes 7 per cent 

Acid (LacCic) of Dr. John. 
• * This chemist made a wateiy extract 
ef powdered stiek lac, and evaporated it 
to dryness. He digested alcohol on this 
extract, and evaporated the alcoholic ex- 
• tract to dryness. He then digested this 
mass in ether, and evaporated uie etherial 
solution ; when he obtiuned a sirupy mass 
of a light yellow colour, which was again 
dissolved in alcohol. On adding water to 
this solution a little resin fell. A peculiar 
acid united to potash and lime remains in 
the solution, which is obtained free, by 
forming witii acetate of lead an insoluble 
laccate, and decomposing this with the 
equivalent quantity of sulphuric acid. 
Laccic acid crystallizes ; it has a wine yel- 
low colour, a sour taste, and is soluble, as 
we have seen, in water, alcohol, and ether. 
It precipitates lead and mercury white; 
but it does not affect lime, barytes, or sil- 
ver, in their solutions. It throws down the 
salts of iron white. Witii lime, soda, and 
potash, it forms deliquescent salts, soluble 
in alcohol.* 

Acin (Lactic). By evapoi^ting sour 
whey to one-eighth^ filterings jnrecipitating 



with lune-water, and separating the lime 
by oxalic acid, Scheele obtained an 
aqueous solution of what he supposed to 
be a peculiar acid, which has accordingly 
been termed the laeHc. To procure it 
separate, he evaporated the solution to 
the consistence of honey, poured on it al- 
cohol, filtered this solution, and evapora- 
ted the alcohol. The residuum was an 
acid of a yellow colour, incapable of being 
crystallized, attracting the humidity of 
the air, and forming deliquescent salts 
with the earths and alkalis. 

Bouillon Lag^nre since examined it 
more narrowly ; and from a series of ex- 
periments concluded, that it consists of 
acetic acid, muriate of potash, a smaH por- 
tion of iron probably dissolved in the ace* 
tic acid, and an animal matter. 

• This judgment of M. Lagrange was 
afterwards supported by the opinions of 
MM. Fourcroy and Vauquelin. But since 
then Berzelius has investigated its nature 
very fully, and has obtiuned, by means of 
a long and often repeated series of differ- 
ent experiments, a complete conviction 
that Scheele was in the right, and that 
the lactic acid is a peculiar acid, very dis- 
tinct from all others. The extract which 
is obtained when dried whey is digested 
with alcohol, contains uncombined lactic 
acid, lactate of potash, muriate of potash, 
and a proper animal matter. As the elimi- 
nation of the acid affords an instructive 
example of chemical research, we shall 

£ resent it at some detail, from the 2d vo- 
ime of Berzelius's Animal Chemistry. 
He mixed the above alcoholic solution 
with another portion of alcohol, to which 
i of concentrated sulphuric acid had been 
added, and continued to add fresh por- 
tions of this mixture as long as any saline 
precipitate was formed, and until me fluid 
had acquired a decidedly acid taste. Some 
sulphate of potash was precipitated, and 
there remained in the alcohol, muriatic 
acid, lactic acid) sulphuric acid, and a mi- 
nute portion of phosphoric acid, detached 
from some bone earth which had been 
held in solution. The acid liquor was 
filtered, and afterwards digested with car- 
bonate of lead, which with the lactic acid 
affords a salt soluble in alcohol. As soon 
as the mixture had acquired a sweetish 
taste, the three mineral acids had fallen 
down in combination with the lead, and 
the lactic acid remained behind, imper- 
fectly saturated by a portion of it, from 
which it was detached by means of sul- 
phuretted hydrogen, and then evaporated 
to the consistence of a thick varnish, of a 
dark-brown colour, and sharp acid taste» 
but altogether without smeU. 

In order to free it from the animal matter 
which might remain combined with it, he 
boiled itwith a mixture of a large quantity 
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tii fresh lime and water, so that the m- 
Qud substances were precipitated and de- 
stroyed by the time. The time became 
yellow brown, and the solution almost 
colourless, while the mass emitted a smell 
of soap JeeSy which disappeared as the 
boijing was continued. The fluid thus 
obtained was filtered and evaporated, until 
a ^reat part of the superfluous time held 
in solution was precipitated. A small por- 
tion of it was then decomposed bv oxatic 
acid, suid carbonate of silver was dissolved 
in the uncombined lactic acid, until it was 
fully saturated. With the assistance of the 
lactate of silver thus obtained, a further 
quantity of muiiatic acid was separated 
from the lactate of time, which was then 
decomposed by pure oxatic acid, free 
from nitric acid, taking care to leave it in 
inch a state that neither the oxatic acid 
nor lime water aflbrded a precipitate. It 
was then evaporated to diyness, and dis- 
solved again in alcohol, a smaU portion of 
oxalate oi time, before retained in union 
with the acid, now remiuning undissolved. 
The alcohol was evaporated until the mass 
was no longer fluid while warm; it be- 
came a brown clear transparent acid, 
which was the lactic acid, free from all 
substaneea that we have hitherto had 
reason to think Ukely to contaminate it. 

The lactic acid, thus purified, has a 
brown yellow ccibur, ana a sharp sour 
taste, which is much weakened by dilu- 
ting it with water. It is without smell in 
the cold,but emits, when heated, a sharp 
sour smell, not unlike that of sublimed 
oxatic acid. Jt cannot be made to ciystal- 
tize, and does not exhibit the stightest ap- 
pearance of a satine substance, but dries 
mto a thick and smooth varnish, which 
slowly attracts moisture from the air. It 
is very easily soluble in alcohoL Heated in 
a gold spoon over the flame of a candle, 
it first boils, and then its pungent acid 
smell becomes very manifest, but extreme- 
ly distinct from that of the aceUc acid ; 
afterwards it is charred, and has an empy- 
reumatic, but by no means an atiimal 
smell. A porous charcoal is left behind, 
which does not readily bum to ashes. 
When distitied, it gives an empjrreumatic 
oil, water, empjo'eumatic vinegar, carbon- 
ic acid, and inflanunable gases. With 
alkalis, earths, and metallic oxides, it af- 
fords pecutiar salts : and these are distin- 
guished by being soluble in alcohol, and 
in general by not bavins^ the least disposi- 
tion to crystallize, but £ying into a mass 
like gum, which slowly becomes moist in 
the air. . 

lAjctate of potash is obtained, whqn the 
lactate of time, purified as had been men- 
tioned, is mixed warm with a warm solu- 
tion of carbonate of potash. It forms, in 
drying, a gammy, light yellow brown, 
Vox.1. [7]. 



tnn^parent maai, which Mumot ea^y be 

made hard, li it is mixed with concentra- 
ted sulphuric acid, no smell of acetic add 
is perceived ; but if the mixture is heated, 
it acquires a disagreeable pungent smell, 
which is observable in all animal substan- 
ces mixed with the sulphuric acid. The 
extract which is obtained directly from 
milk, contains this salt ; but this afibrds^ 
when mixed with sulphuric acid, a sharp 
acid smeU, not unlike that of the acetic 
acid. This, however, depends not on 
acetic but on muriatic acid, which in its 
concentrated state introduces this modifi- 
cation into the smell of almost all organic 
bodies. The pure lactate of potash is easily 
soluble in alcohol ; that which contains an 
excess of potash, or is still contaminated 
with the animal matter soluble in alcohol, 
which is destroyed by the treatment with 
time, is slowly soluble, and rec^^uires about 
14 parts of warm alcohol for its solution. 
It is dissolved in boiting alcohol more 
abundantly than in cold, and separates 
from it, while it is cooting, in the form of 
hard(hx>ps. 

The lactate of nda resembles that of 
potash, and can only be distinguished ftom 
it by analysis. 

Lactate ^ amtnonia. If concentrated 
lactic aoid is saturated wiUi caustic am- 
monia in excess, the mixture acquires a 
strong volatile smell, not unlike that of 
the acetate or formiate of ammonia, which, 
however, soon ceases. The salt which is 
left has sometimes a stight tendency to 
shoot into crystals. It afibrds a gummy 
mass, which in the sav acquires an excess 
of acidity. When heated, a great part of 
the alkati is expeUed, and a very acid salt 
remains, which detiquescesinthe air. 

The lactate ofbarytes may be obtained 
in the same way as that of time ; but it* 
then contains an excess of the base. When 
evaporated, it affords a gummy mass^ 
soluble in alcohol. A portion remains 
undissolved, which is a suo-salt, is dough;^, 
and has a browner colour. That which is 
dissolved in the alcohol affords by evapo- 
ration an almost colourless gummy masi^ 
which hardens into a stiff* but not a brittle 
varnish, it does not show the least tenden- 
cy to ciystaUize. The salt, which is less 
soluble in alcohol, may be further purified 
from the animal matter adhering to it, by 
adding to it more baiytes, and then be- 
comes more soluble. 

The lactate of Ume is obtained in the 
manner above described. It affords a 
gummy mass, which is also divided by alco- 
hol into two portions. The larger portion 
is soluble, and gives a shining, varnish 
inctining to a ti^ht yellow colour, which, 
when uowly dned, cracks all over, and 
becomes opaque. This is pure lactate of 
time. That wnich is insoluble in alcohol is 
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a powder, vrith excess of tii^bastf; re- 
ceived on a filter, it becomes smooth in 
the air like gum, or like madate of lime. 
By boiling with more lime, and by the 
precipitation of the superfluous base upon 
exposure to the air. it becomes pure and 
soluble in alcohol. 

Lactate of magnesia^ evaporated to the 
consistence of a thin sirup, and left in a 
-warm place, shoots into small granular 
crystals. When hastily evaporated to 
dryness, it affords a gummy mass. With 
regard to alcohol, its properties resemble 
those of the two preceding salts. 



The lactate of lead may be obtained in 
several different degrees of saturation. IT 
the lactic acid is digested with the carbon- 
ate of lead, it becomes browner than be- 
fore, but cannot be fully saturated witb 
the oxide ; and we obtain an acid salt, 
which does not crystallize, but dries itita 
a sirup-like brown mass, with a sweet 
austere taste. When asohition of lactic 
acid in alcohol is digested with finely pow- 
dered lithar^pe, until the solution becomes 
sweet, and is then slowly evaporated to 
the consistence of honey, the neutral lac- 
tate of lead crystallizes in -small grayish 



Ammoniaco-magnesian lactate is obtained grains, which may be rinsed with alcohol. 



by mixing the preceding salt with caustic 
ammonia, as long as any precipitation con- 
tinues. By spontaneous evaporation this 
«nlt shoots into needle-shaped prisms, 
which are little coloured, and do not 
change in the air. Berzelius has once 



to wash off the viscid mass that adheres to 
them, and will then appear as a gray g^nu-^ 
lar salt, which when dry is light and 
silvery. 

This silver grained salt is not changed 
in the air ; treated with sulphuretted hy- 



seen these crystals form in the alcoholie drogen it affords pure lactic acid. If the 
extract of milk boiled to dryness; but lactic acid is digested with a greater por- 



this is by no means a common occur- 
rence. 

The lactate of stiver is procured by dis- 
solving the carbonate in the lactic acid. 
The solution is of a light yellow, somewhat 
inclining to green, and has an unpleasant 
taste of veraigris. When evaporated in a 



tion of levigated litharge than is required 
for its saturation, the fluid acqmres first a 
browner colour, and as the digestion is 
continued the colour becomes more and 
more pale, and • the oxide swells into a 
bulky powder, of a eolour somewhat 
lighter than before. If the fluid b evapo- 



flat vessel, it dries into a very transparent rated, and water is then poured on the 



greenish yellow varnish, which has exter- 
nally an unusual splendour like that of a 
looking-glass. If the evaporation is con- 
ducted in a deeper vessel, and with a 
stronger heat, a part of the salt is decom- 
pose£ and remains brown from the reduc- 
. tion of the silver. If this salt is dissolved 
in water, no inconsiderable portion of the 
silver is reduced and deposited, even 
when the salt has been transparent ;<and 
the concentrated solution has a fine green- 
ish yellow colour, which by dilution be- 
comes yellow. If we dissolve the oxide 
of silver in an impure acid, the salt be- 
comes brown, and more silver is revived 
during the evaporation. 



dry mass, a veiy small portion of it only is 
dissolved; the solution is not coloured, 
and when it is exposed to the air, a pellicle 
of carbonate of lead is separated from it. 
If the dried salt of lead be boiled with 
water, and the solution be filtered while 
hot, a great part of that wbich had been 
dissolved will be precipitated while it 
cools, in the form of a white, or light yellow 
powder, which is a sublactate of lead. 
This salt is of a light flame colour ; when 
dried, it remains mealy, and soft to the 
touch, and it is decomposed by the weak- 
est acids, while the acid salt is dissolved 
in water, exhibiting a sweet taste and a 
brown colour. When moistened with 



The lactate of the protoxide ofmercvry is water, it undergoes this change from the 



obtained when the lactic acid is saturated 
with black oxidated mercury. It has a 
light yellow colour, which disappears by 
means of repeated solution and evapora- 
tion. The salt exhibits acid properties, 
deliquesces in the air, and is partially dis- 
solved in alcohol, but is at the same time 



operation of the carbonic acid diffused in 
the air. If this salt is warmed and then 
set on fire at one point, it burns like tin- 
der, and leaves the lead in great measure 
reduced. A hundred parts of this salt, 
dissolved in nitric acid, and precipitated 
with carbonate of potash, gave exactly 



decomposed and deposjtes carbonate of 100 parts of carbonate of lead; consequent- 



mercury, while the mixture acquires a 
slight smell of ether. The lactic acid dis- 
solves also the red oxide of mercury, and 
gives with it a red gummy deliquescent 
salt. If it is left exposed to a warm and 
moist atmosphere, it deposites, after the ex- 
pi ration of some weeks, a light semi-crys- 
talline powder, which he has not eXamin 



ly its component parts, determined from 
those of the carbonate, must be 83 of the 
oxide of lead,, and 17 of the lactic acid. 
At the same time we cannot wholly de- 
pend on this proportion, and it certainly 
makes the quantity of lead somewhat too 
great. The relation of the lactic acid to 
lead affords one of the best methods of 



ed, but which probably must be acetate of* recognizing it, and Berzelius always 
ixiercury. principally employed it in extracting this 
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:iQ(d fiom animal fluids; it gires the 
clearest distinction between the lactic acid 
and the acetic. 

The iactate of iron is of a red brown co- 
lour, does not crystallize, and is not solu- 
ble in alcohol, 'rhe lactate of zinc crystal- 
lizes. Both these metals are dissolved 
by the lactic acid, with an extrication of 
hydrog'en gas. The lactate of copper, ac- 
cording to its different degrees of satura- 
tion, varies from blue to green and dark 
blue, it does not crystallize. 

It is only necessaiy to compare the de- 
scriptions of these salts with what we 
know of the salts which are formed with 
the same bases by other acids, for example, 
the acetic, the malic, and others, in order 
to be completely convinced that the lactic 
acid must be a peculiar acid, perfectly dis- 
tinct from all others. Us prime equivalent 
may be called 5.8. 

The nanceic acid of Braconnot resembles 
the lactic in many respects.* 

* Acid (Lampic). S'u* H- Davy, during 
his admirable researches on the nature and 
properties of flame, announced the singu- 
hr fact, that combustible bodies might be 
made to combine rapidly with oxygen, at 
temperatures below what were necessary 
to their •visible inflammation^ Among the 
phenomena resulting from these new 
combinations, he remarked the production 
of a peculiar acid and pungent vapour 
irom the slow combustion of ether; and 
from its obvious qualities he was led to 
suspect, that it nught be a product yet 
new to the chemical catalogue. Mr. Fara- 
day, in tbe od volume of tne Journal of 
Science and the Art^ has given some ac- 
count of the properties of this new acid; 
bui trom the very small quantities in which 
he was able to collect it, was prevented 
from performing any decisive experiments 
upon it. 

In the 6th volume of the same Journal, 
we have a pretty copious investigation of 
the properties and compounds of this new 
acid, by Mr. Daniell. From the slow 
combustion of ether during six weeks, by 
means of a coil of platina wire sitting on 
the cot on wick of the lamp, (See P'.amb), 
he condensed with the head of an alembic, 
whose beak was inserted in a receiver, a 
pint and a half of the lampic acid liquor. 

When first collected it is a colourless 
fluid of an intensely sour taste, and pun- 
gent odour. Us vapour, when heated, is 
extremely irritating and disagreeable, and 
when received into tlie lungs produces an 
oppression at the chest very much resem- 
bling tbe effect of chlorine. Us specific 
gravity varies according to the cate with 
which it has been prepared, from less 
tlian 1.000 to 1.008. It may be purified by 
careful evaporation ; and it is worthy of 



remark, thatUie vapour which rises from " 
it is that of alcohol, with which it is slightljf 
contaminated, and not of ether. Thus 
rectified, its specific gravity is 1.015. U 
reddens vegetable blues, and decomposes 
all the earthy and alkaline carbonates^ 
forming neutral salts with their bases, 
which are more or less delicjuescent, 
Lampate of soda is a very deliquescent 
salt, of a not unpleasant saline tasie. U is 
decomposed by heat. U consists of 62.1 
acid and 37.9 soda. Hence its prime 
equivalent comes out 6.47. Lampate of 
potash is not quite so deliquescent. 
Lampate of ammonia evaporates at a tem- 
perature below 212^. It is a brown salt. 
Lampate of barytes cr}'stallizes in colour- 
less transparent needles. Its composition 
is 39.5 acid and 60.5 base ; and hence the 
prime is 6.365, barytes being reckoned 
9,75, with Dr. Wollaston. Lampate of lime 
is deliquescent, and has a caustic bitter 
taste. Lampate of magnesia has a sweet, 
astringent taste, like sulphate of iron. All 
these salts bum with flame. Lampic acid 
reduces gold from the muriate instantly ; 
and the lampates of potash and ammonia 
produce the same eftect more slowly. A 
mixture of these two lampates, throws 
down metallic platinum from its solution. 
Nitrate of silver also gives a metallic preci- 
pitate ; but what is singular, the oxide of 
silver is soluble in lampic acid, but at % 
boilingheat falls ddwn in tlie metallic state. 
A hot solution of nitrated protoxide of 
mercury exhibits a very beautiful phe- 
nomenon, when mixed with the acid. A 
shower of mercurial globules falls down 
through the liquid. Red oxide forms with 
lampic acid a bulky white salt, of sparing 
solubility, from which, after a few days, 
metallic mercury separates. Lampate of 
copper aflbrds by evaporation under an 
exhausted receiver, blue rhomboidal crys- 
tals. When the solution is boiled, metal- 
lic copper fiills. Lampate of lead is a 
white, sweetish, and easily crystallized salt. 

By analysis of the lampate of barjtes in 
M. M. G. Lussac and Thenard's apparatus, 
(See Yeoetable Analysis), Mr. Daniell 
infers the composition of the acid to be 
40.7 carbon, + 7 J hydrogen, + 51.6 of 
oxygen and hydrogen, in their aqueous 
ratip = 100. These numbers correspond, 
he says, with what we may suppose to re- 
sult from 1 atom of carbon, 1 of hydrogen, 
and 1 of water, or its elements. The 
excess of hydrogen explains, he imagines, 
the property which the acid possesses of 
reviving the metals, whence it may be 
usefully applied in the arts, to plate deli- 
cate works with gold and platinum. 

ITie weight, of its equivalent, and some 
of the properties of the salts, might lead 
t9 the opinipw of the lampic aci4 of Mj*. 
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Baiiiell l>eihff merely the Acetic, combined 
with some etherous matter. This conjec- 
ture must be left for future verification.* 

Ac IB (LiTHieY. This was discovered 
about the year 1776 by Scheele, in analy- 
zing human calculi, of many of which it 
constitutes the grater part and of some, 
particularly that which resembles wood 
in appearance, it forms almost the whole. 
It is hkewiae present in human urine, and 
in that of the camel; and Dr. Pearson 
toani it in those arthritic concretions com- 
monly called chalkstones, which Mr. Ten- 
nant has since confirmed, ^t is often called 
uric acid. 

The following are the results of Scheele's 
experiments on calculi, which were found 
to consist almost wholly of this acid : 

1. Dilute sulphuric acid produced no ef- 
fect on the calculus, but the concentrated 
dissolved it ; and the solution distiUed to 
dryness left a black coal, giving off sulphu- 
rous acid fumes. 3. The muriatic acid, 
either diluted or concentrated, had no ef- 
fect on it even with ebullition. 3. Dilute 
nitric acid attacked it cold ; and with the 
assistance of heat produced an efferves- 
cence and red vapour, carbonic acid was 
evolved, and the cidculus was entirely dis- 
solved. The solution was acid, even when 
saturated with the calculus, and gave a 
beautiful red colour to the skin in half an 
hour after it was applied ; when evaporat- 
ed, it became of a blood red, but the co- 
lour was destroyed by adding a drop of 
acid : it did not preci{)itate muriate of ba- 
lytes, or metallic solutions, even with the 
addition of an alkali ; alkalis rendered it 
more yellow, and, if superabundant, chang- 
ed it by a strong digesting heat to a rose 
colour t and this mixture imparts a similar 
colour to the skin, and is capable of pre- 
cipitating sulphate of iron black, sulphate 
of copper green, nitrate of silver gray, su- 
per-oxygenated muriate of mercuiy, and 
solutions of lead and zinc, white. Lime- 
water produced in the nitric solution a 
white precipitate, which dissolved in the 
nitric and" muriatic acids without efferves- 
cence, and without destroying their acidi- 
ty. Oxalic acid did not precipitate it. 4. 
Carbonate of potash did, not dissolve it, 
either cold or hot, but a solution dT per- 
fectly pure potash dissolved it even cold, 
llie solution was yellow; sweetish to the 
taste; precipitated by all the acids, even 
the carbonic; did not render lime-water 
turbid ; decomposed and precipitated so- 
lution of iron brown, of copper gray, of 
ulver black, of zinc, mercuiy, and lead, 
white ; and exhaled a smell of ammonia. 
5. About 200 parte <^ lime-water dissolved 
the cakahis by digestion, and lost its acrid 
taste. The solution was partly precipita- 
ted by acids. 6. Pure water dissolved it 
entirely, but it was necestaiy to boil for 



sora^ time 360 parts with one of the cal- 
culus in powder. This solution reddened 
tincture of litmus, did not render lime- 
water turbid, and on cooling deposited in 
small crystals almost the whole of what it 
had taken np. 7, Seventy-two grains dis- 
tilled in a small glass retort over an open 
fire, and gradually brought to a red heat, 
produced water of ammonia mixed with a 
little animal oil, and a brown sublimate 
weighin? 28 |^ns, and 12 grains of coal 
remained, which preserved its black co- 
lour on red hot iron in the open air. The 
brown sublimate was rendered white by a 
second subhmation ; was destitute of smell, 
even when moistened by an alkali; was 
acid to the taste ; dissolved in boiling wa- 
ter, and also in alcohol, but in less quanti- 
ty; did not precipitate lime-water; and 
appeared to resemble succinic acid. 

Fourcroy has found, that this acid is al- 
most entirely soluble in 2000 times its 
weight of cold water, when the powder is 
repeatedly treated with it. From his ex- 
periments he infers, that it contains azote, 
with a considerable portion of carbon, and 
but little hydrogen, and little oxygen. 

Of its combinations with the bases we 
know but little. The lithate of lime is 
more soluble than the acid itself; but on 
exposure to the air it is soon decomposed, 
the carbonic acid in the atmosphere com- 
bining with the lime, and precipitating 
both the lithic acid and new formed car- 
bonate of lime separate from each other. 
The lithate bf soda appears from the ana- 
lysis of Mr. Tennant to constitute the chief 
part of the concretions formed in the joints 
of gouty persons. The lithate of potash 
is obtained by digesting calculi in caustic 
lixivium ; and Fourcroy recommends the 
precipitation of the litiiic acid from this 
solution by acetic acid, as a good process 
for obtaining the add pure in small, white, 
shining, and almost pulverulent needles. 

* Much additional information has been 
obtained within these few years on the na- 
ture and habitudes of the lithic acid. Dr. 
Heniy wrote a medical thesis, and after- 
wards published a paper, on the subject, 
in the second volume of the new series of 
the Manchester Memoirs, both of which 
contain many important fkcts. He pro- 
cured the acid in the manner above pre- 
scribed by Fourcroy. It has the form of 
white shining plates, which are denser 
than water. Has no taste nor smell. It 
dissolves in about 1400 parts of boiling 
water. It reddens the umision of litmus. 
When ^ssolved in nitric acid, and evapo- 
rated to dr3aiess, it leaves a pink sediment. 
The diy acid is not acted on nor dissolved 
by the alkaline carbonates, or sub-carbo- 
nates. It decomposes soap when assisted 
by heat; as it does also the alkaline sol- 
phurets^ aad hydrosjolphurets. No acid 
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acts on \if except thc^e thit oceuSofi ki 
decompofdtion. It dissolves in hot sokit 
tions (tf potash snd sods, arid likewise ill 
smmoniSy but less readilv . The fitfaatetf 
may be formed, either by muttially saturfr' 
ting the two constitaents, or we may dis^ 
solve the acid in an excess of base, and we 
may then precipitate by carbonate of am- 
monia. The lithates are all tasteless, and 
resemble in appearance lithic acid itself. 
They are not altered by exposure to Ihe 
atmosphere. They are veiy sparingly sow 
luble in water. They are decomposed by 
a red heat, which destroys the acid. The 
lithic acid is precipitated from these sahi^ 
by all the acids except the prussic and car* 
bonic They are decomposed bv the ni- 
trates, muriates, and acetates of barytes^ 
strontites, lime, magnesia, and idumina. 
They are precipitated by all the metaffic 
solutions except that of gold. When fi« 
thic acid is exposed to heat, the products 
are carburetted hydrogen, and carbonic 
acid, prussic add, carbonate of ammonia, 
a sublimate, consisting of ammonia oom- 
bined with a peculiar add, which has the 
following properties : — 

Its ccMour is yellow, and it has a eooHng 
bitter taste. It dissolves readily in water, 
and in alkaline solutions, from which it is 
not precipitated by acids. It dissolves al- 
so sparingly in alcohol. It is volatile^ and 
when sublimed a second time, becomes 
much whiter. The watery solution red- 
dens vegetable blues, but a very small 
quantity of ammonia destroys this proper* 
ty. It does not cauae effervescence with 
idkaline carbonates. By evaporation it 
yields permanent crystals, but ill defined, 
from adhering animal matter. These red- 
den vegetable blues. Potash when added 
to these crystals, diseng^ages ammonia. 
When dissolved in lutric acid, they do not 
leave a red stain, as happens with uric acid; 
nor does their solution in water decom- 
pose the earthy salts, as happens with al- 
kaline lithates (or urates.) Neither has it 
any action on the salts of copper, iron, 
gold, platinum, tin, or mercury. With ni- 
tntes of silver, and mercury, and acetate 
of lead» it forms a white precipitate, solu- 
ble in an excess of nitric acid. Muriatic 
add occasions no precipitate in the solu- 
tion of these ciystals m water. These 
properties show, that the acid of the sub- 
limate is different from the uric, and from 
eveiy other known acid. Dr. Austin found, 
that by repeated distillations, lithic acid 
was resolved into ammonia, nitrogen, and 
prussic acid. See Acib ^Ptbouthic.) 
- When lithic acid is projected into a nask 
with chlorine, there is formed, in a littie 
time, muriate of ammonia, oxalate of am- 
monia, carbonic add, muriatic acid, and 
mahc add; the same results are obtained 



by pas&ng chl<irioe through water, bedd- 
ing this add in suspension. 

M. Gay-Lussac mixed lithio acid with 20 
times its weight of oxide of copper, put 
the mixture into a glass tube, and covered 
it with a quantity of copper filings. The 
copper filings being first heated to a dull 
red heat, was applied to the mixture. ThA 
gas which came over, was composed of 
0.69 carbonic add, and 0.31 nitrogen. H6 
conceives, that the bulk of the carbonid 
acid would have been exaeUy double that 
ef the nitrogen, had it not been for th^ 
formation of a littie carbonate of ammonia. 
Hence, uric acid contains two prime equi- 
valents of carbon, and one of nitrogen^ 
This is the same proportion ats exists uk 
cyanogen. Probably, a prime equivalent 
of oxygen is present. Dr. Prout, in th* 
eighth vol. of the Bfed. Chir. Trans, de- 
scribes the result of an analyns of lithic 
add, effected also by ignited oxide of cop« 
per, but so conducted as to determine the 
product of oxygen and hydrogen. Pout 
grains of lithic acid yielded, water 1,05, 
carbonic acid 11.0 c, inches, nitrogen 5.5 
do. Hence, it consisted of 
Hydrogen 2.857 or 1 prime -• 0.125 
Carbon 34.286 2 «. 1.500 

Oxygen 22.857 1 —1.000 

Nitrogen 40.000 1 —1.750 

100.000 4.375 

M. Berard has pubfished an analysis of * 
lithic acid since Dr. Ptout, in which he al- 
so employed oxide of copper. 

The following are the results :— 
Carbon 33.61 r2 Carbon 

Oxygen 18.89 which ap- J 1 Oxygen 
Hydrogen 8.34 proach to ] 4 Hydrogen 
Nitrogen 39.16 \1 Nitrogen 

100.00 
Here we find the nitrogen and carbon 
nearly in the same quantity as by Dr. Prou^ 
but there is much more hydrogen and lesa 
oxygen. By urate of barytes, we have tiie 
prime Equivalent of unc add equal to 
15.67 : apd b;^ urate of potash it appears t» 
be 14.0. It is needless to try to accom- 
modate an arrangement of pritie equiva. 
lents to these discrepancies. The lowest 
number would requu<e, on the Daltonian 
plan, an association of more than twenty 
atoms, the grouping of which is rather a 
sport of fancy, than an exercise of reason* 
For what benefit could accrue to chemical 
science, by stating, that if we consider the ' 
atom of lithic add to be 16.75, then it 
would probably consist of 

7 atoms Carbon — 5.25 31.4 

3 Oxygen — 3.00 17.90 
12 Hydrogen - 1.500 8.90 

4 Nkrog^n - 7.00 41.80 
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16.75 100.0? 
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* ^c» (Miiie.) The aeid of apple* ^ 
the same with that which u extracted from 
the fruit of the mountain ash. See Acid 

(SOHBIC.M 

* Acid (Maroabic.) When we immerse 
soap made of pork-gfrea9e and potash, in a 
large quantity of water, one part is dissolv- 
ed, while another part b precipitated, in 
the fonn of several brilliant pellets. These 
are separated, dried, washed in a larg^e 
quantity of water, and then dried on a fil- 
ter. 1'hey are now dissolved in boiling 
alcohol, sp. gr. 0.820, from which, as it 
cools, the pearly substance falls down pure. 
On acting onthb with dilute muriatic acid, 
a substance of a peculiar kind, whiok M. 
Chevreul, the discoverer, calls margarine, 
or margaric acid, is separated. It must be 
well washed with water dissolved in boil- 
ing alcohol, from which it is recovered in 
the same crystalline pearly form, when the 
solution cools. 

Margaric acid is pearly white, and taste- 
less. Its smell is feeble, and a little simi- 
lar to that of melted wax. Its specific g^ai- 
vity is inferior to water. It melts at 134® 
F. into a very limpid, colourless liquid, 
which crystallizes on cooling, into brilliant 
needles of the finest white. It is insoluble 
in water, but very soluble in alcohol, sp. 
^. 0.800. Cold margaric acid has no ac- 
tion on the colour of litmus ; but when 
heated so as to soften without melting, 
the blue was reddened. It combines with 
the salifiable bases, and forms neutral com- 
pounds. 100 parts of it unite t» a quantity 
of base containing three parts of oxygen, 
supposing that 100 of potash contain 17 of 
•xygen. Two orders of margarates are 
formed, the margarates, and the super- 
margarates, the former being converted 
into the latter, by pouring a large quanti- 
ty of water on them. Other fats besides 
ijiat of jthe hog yield this substance. 

^cid, Base. 
Margarate of potash consists of 100 17. 77 
Supermargarate ... - lOO 8.88 
Margarate of soda - - - - 100* 12.72 

Barytes 100 28.93 

Strontites 100 20.23 

Lime 100 11.06 

Potash 

Supermargarate of Human fat 100 8.85 

Sheep fat 100 8.68 

Ox fat 100 8.78 

Jaguar fat 100 8.60 

Goose fat 100 8.77 

If we compare the above numbers, we 

shall find 35 to be the prime equivalent of 

margaric acid. 

That of man is obtained under three dif- 
ferent forms. 1st, In very fine long nee- 
dles, disposed in flat stars. 2d, In very fine 
and very short needles, farming waved 
figures, like those of the margaric acid of 
carcasses. 3d, In very large brilliant crys- 



tals disposed in stais, similar to the maiw 
garic acid of the hog. The margaric acids 
of man and the hog resemble each other ; 
as do those of the ox and the sheep ; and 
of the goose and the jaguar. The com- 
pounds with the bases, are real soaps. Th e 
solution of alcohol affords the transparent 
soap of this country.-^^nnale8 de Chifnie, 
several volumes.* 

* Acid (Mecoittc). This acid is a consti- 
tuent of opium. It was discovered by \f . 
Sertuerner, who procured it in the follow- 
ing way : After precipitating the morftMa, 
from a solution of opium, by ammonia, he 
added to the residual fluid a solution of 
the muriate of barytes. A precipitate is in 
this way formed, which is supposed to be 
a quadruple compound, of Ijarytes, mor- 
phia, extract, and the meconic acid. The 
extract is removed by alcohol, and the 
barytes by sulphuric acid ; when the me- 
conic acid is lefl, merely in combination 
with a portion of the morphia ; and from 
this it is purified by successive solutions 
and evaporations. The acid, when sub- 
limed, forms long colourless needles ; it 
has a strong affinity for the oxide of iron, 
so as to take it from the muriatic solutiont 
and form with it a cherry-red precipitjite 
It forms a crystallizable salt with lime, 
which is not decomposed by sulphuric 
acid ; and what is curious, it seems to pos- 
sess no particular power over the human 
body, when received into the stomach. 
The essential salt of opium, obtained in 
M. Derosne's original experiments, was 
probably the meconiate of morphia. 

Mr. Robiquet has made a useful modifi- 
cation of the process for extracting mecon- 
ic acid. He treats the opium with magne- 
sia, to separate the morphia, while me- 
coniate oi magnesia is also formed. The 
magnesia is removed by adding muriate of 
barytes, and the barytes is afterwards se- 
parated by dilute sulphuric acid. A lar- 
ger proportion of meconic acid is thus ob- 
tained. 

Mr. Robiquet denies that meconic acid 
precipitates iron from the muriate ; but, 
according to M. Vogel, its power of red- 
dening solutions of iron is so great, as to 
render it a more delicate test of this metal, 
than even the prussiate of potash. 

To obtain pure meconic acid from the 
meconiate of barytes, M. Choulant tritu- 
rated it in a mortar, with its own weight 
of glassy boracic acid. This mixture being 
put into a small glass flask, which was 
surrounded with sand in a sand pot, in the 
usual manner, and the red heat being 
gradually raised, the meconic acid sublime^ 
m the state of fine white scales or plates. 
It has a strong sour taste, which leaves be- 
hind it an impression of bitterness. It dis- 
solves readily in water, alcohol, and ether. 
It reddens the greater number of vegeta- 
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hie blues, and chang^es the aolutioiw of 
iron to a cherry-red colour. When these 
solutions are heated, the iron is precipi- 
tated in the state of protoxide. 

The mecomates examined by Choulant, 
are the fonowing*: — 

1st, Meconiate of potash. It crystallizes 
in four sided tables, is soluble in twice its 
weight of water, and is composed of 
Meconic acid 27 2.7 
Potash 60 6.0 

Water 13 

100 
It is destroyed by heat. 
2d, Meconiate of soda. It crystallizes 
in saSt pnsms, is soluble in five times its 
weigpht of water, and seems to effloresce. 
It is destroyed by heat. It consists of 
Add 32 3.2 

Soda 40 4.0 

Water 28 

100 
3d!. Mecoiuate of ammonia. It eiystal- 
Kzes in star-form needles, which, when 
sublimed, lose their water of crystalliza^ 
tion, and assume the shape of scales. The 
crystals are soluble iii 1^ their weight of 
water, and are composed of 

Acid 40 2.03 

Ammonia 42 2.13 

Water 18 

100 
If two p!irty)f sal amn[ioniac be tritura- 
ted with 3 parts of nieconiate of barytes, 
and heat be applied to the mixture, me- 
coniate of ammonia sublimes, and muriate 
of barytes remains. 

4ith, Meconiate of lime. It crystallizes 
in prisms, and is soluble in eight times its 
weight of water. It consists of 

Acid 34 2,882 

lime 42 3.560 

Water 24 

100 

As the potash and lime compounds give 
nearly tiie same acid ratio, we may take 
theirmeanof it, as the true prime «= 2.8.* 

• Acid (Mblarsic). The acid present 
in melasses, which has been thought a pe- 
culiar acid by some, by others, the acetic* 

Acio (MsLLiTic). M. Klaproth disco- 
vered in the mellite, or honey-stone, 
what he conceives to be a peculiar acid of 
the vegetable kind, combined with alu- 
mina. This acid is easily obtained by re- 
ducing the stone to powder, and boiling it 
in about 70 times its weight of water; 
when the acid will dissolve, and may be 
separated from the alumina by filtration. 
By evaporating the solution, it may be^ ob- 
tained in the form of crystals. The' fol- 
lowing are its characteis :— 



It erystalliaes in fine needles or globuletf 
by the union of these, or small prisms. Its 
taste is at first a sweetish sour, which 
leaves a bitterness behind. On a plate of 
hot metal it is readily decomposed, and 
dissipated in copious g^y fiimes, which 
afiect not the smell; leaving behind a 
small quantity of ashes, that do not change 
either red or blue tincture of litmus. Neu- 
tralized by potash it en stallizes in groups 
of long prisms : by soda, in cubes, or tri- 
angular laminae, sometimes in groups 
sometimes single; and by ammonia, in 
beautiful prisms with six planes, which 
soon lose tneir transparency, and acquire 
a silvery white hue. If tl^ mellitic acid 
be dissolved in lime-water, and a solutaon 
of calcined strontian or barytes be drop- 
ped into it, a white precipitate is thrown 
down, which is redissolved on adding mu- 
riatic acid. With a solution of acetate of 
barytes, it produces likewise a white pre- 
cipitate, which nitric acid redissolves. 
With solution of muriate of barytes, itpro« 
duces no precipitate, or even cloud ; but 
after standing some time, fine transparent 
nee^y crystals are deposited. The mel- 
litic acid produces no change in a solution 
of nitrate of silver. From a solution of 
nitrate of mercury, either hot or cold, it 
throws down a copious white precipitate, 
which an addition of nitric acid imme- 
diately redissolves. With nitrate of iron 
it g^ves an abundant precipitate of a dun 
yellow colour, which may be redissolved 
oy muriatic acid. With a solution of ace- 
tate of lead, it produces an abundant pre*- 
cipitate, immediately redissolved on add- 
ing nitric acid. With acetate of copper, 
it produces a grayish-green precipitate; 
but it does not affect a solution of muriate 
of copper. Lime-water precipitated by 
it, i^ immediately redissolved on adding 
nitric acid. 

M. Klaproth was never able to conveyt 
this acid mto the oxflAic by means of nitric 
acid, which only changed its brownish co- 
lour to a pale yellow. 

• The melHte, or native mellate of alu- 
mina, consists, according to Klaproth, of 
46 acid -(- 16 alumina + 38 water = 100 ; 
from which, calling the prime of alumina 
3.2, that of mellitic acid appears to be 
9.2.» 

• Acid (MsNispEawTc^. The seeds of 
menigpemmm cocculus being macerated for 
24 hours in 5 times their weight of water, 
first cold, and then boiling hot, yield an 
infusion, firom which solution of subacetate 
of lead throws down a menispermate of 
lead. This is to be washed and drained* 
diffused through water, and decomposed 
by a current of sulphuretted hydrogen 
gas. The liquid thus freed from lead, is 
to be deprived of sulphuretted hydrogen 
by heaty and tk^ forms solution of midiis- 
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pemifi acid. Py nyeatad t^famtims 
^d solutions in alcohol, it loses lU bitter 
Uste, and becomes a purer acid. It occa- 
sions no precipitate vith lime-water; with 
nitrate or barytes it yields a my precipi- 
tate; with nitrate of silver, a deep yellow; 
^d with sulphate of magnesia, a copioua 
precipitate.* 

* Acid ( Moi^tbdig). The native sulphu* 
vet of molybdenum being roasted for some 
time, and dissolved in water of ammonia* 
when nitric acid is added to this solution, 
^e molybdic acid precipitates in fine 
white scales, which become yellow, on 
m^tiiig and subliming them. It changes 
the vegetable bluea to red, but less resuli* 
ly and powerfully than the foUowing acid, 

M. Bucholz found that 100 parts of the 
•ulpburet gave 90 parts of molybdic acid« 
In other experiments in which he oxidized 
molybdenum, he found th^t 100 of the 
metal combined with from 49 to 50 of oxy« 
gen. BerzeUus, after some vain attempts 
to analyze the molybdates of lead and ba- 
^es, found that the only method of ob« 
taining an exact result was to form a mo- 
lybdate of lead. He dissolved 10 parts of 
neutral nitrate of lead in water, and pour- 
ed an excess of solution of ciystallized 
nqlybdate of ammonia into the liquid. 
The molybdate of lead, washed, dried and 
heated to redness, weighed 11.068. No 
traces of lead were found in the liquid by 
■iilphate of ammonia; hence these 11.068 
of lead, evince 67.3 per cent of oxide oif 
]^ad. This salt then is composed of 

Molybdic acid 39. 194 9.0 

Oxide of lead 60.806 14.0 

100.000 
And from Bucholz we infer, that this 
prime equivalent 9, consists of 3 of oxy- 
gtn -rf- 6 metal; while molybdous acid 
wiU be 3 oxygen + ^ metal »» 8.0. 

Molybdic acid has a specific ^vity of 
3.460. In an open vessel it subhmes intp 
brilliant yellow scales ; 960 parts of boiling 
water dissolve one of it, anbrding a pale 
yellow solution, which reddens litmus, 
luit has no taste. Sulphur, charcoal, and 
several metals decompose the molybdic 
acid. Molybdate of potash is a ^ourleas 
salt Molybdic acid gives, with nitrate of 
lead, a white precipitate, soluble in nitric 
acid; wiUi the nitrates /of mercury and 
silver, a white flaky precipitate ; with ni- 
trate of copper, a g^enish precipitate; 
with solutions of tlie neutral sulphate of 
zinc, muriate of bismuth, muriate of anti- 
mony, nitrate of nickel, muriates of g^old 
and platinum, it produces white precipi- 
tates. When melted with borax, it ^^ields 
a bluish colour; and paper dipped in its 
solution becomes, in the sun, of a beauti- 
ful blue.* 

TheneumdiilluillQe molyhd^tes preci- 



pitate all netaHic solutions. Gold, iiiU' 
riate of mercury, zinc, and manganese, 
are precipitated in the form of a white 
powder; iron and tin, from their solutions 
in muriatic acid, of a brown colour ; cobalt, 
of a rose colour; copper, blue; and the 
solutions of alum ana quicklime, white. 
If a dilute solution of recent muriate of tin 
be precipitated by a dilute solution o£ 
molybdate of potash, a beautiful blue 
powder is obtained. 

The concentrated sulphuric acid dis- 
solves a considerable quantity of the mo- 
hbdic acid, the solution becoming of a 
fine blue colour as it cools, at the same 
time that it thickens ; the coloor disiqi- 
peats again on the applicatkMi of heat, 
iMit returns again bv cooling. A strong 
heat expels the su^muric aeid. The nitric 
acid has no effect on it ; but the muriatic 
dissolves it in considerable quantify, and 
leaves a dark blue residmim when dis.^ 
tilled. With a strong^ heat it expels a por- 
tion of sulphuric acid from sulphate of 
potash. It also disengages tiie add fitmi 
nitre and common salt by distillatxm. It 
has some action upon the filings of the me- 
tals in the moist way. 

The molybdic acid has not yet been em- 
ployed in the arts. 

* Acid (Moltbsous). The deutoxide 
of molybdenum is of a blue colour, and 
possesses acid properties. Triturate 2 
parts of molybdic acid, with 1 part of the 
jqaetal, along with a little hot water, in a 
porcelain mortar, till the nffxture assumes 
a. blue colour. Digest in 10 parts of boil- 
ing water, filter, and evaporate the liquid 
in a heat of 120**. The blue oxide sepa- 
rates. It reddens vegetable blues, and 
forms salts with the bases. ' Air or water, 
when left for some time to act on molyb- 
denum, convert it into this acid. It con- 
sists of about 100 metal to 34 oxygen,* 

Acid (Moroxtlic). In the botanic war- 
den at Palermo, Mr. Thompson found an 
uncommon saline substance on the trunk 
of a white mulberry tree. It appeared as 
a coating on the surface of the oark in lit- 
tle granulous drops of a yellowish and 
blackish brown colour, and had UkewLse 
penetrated its substance. M. Klaproth, 
who analyzed it, found that its taste was 
somewhat like that of succinic acid ; on 
burning coals it swelled up a little, emit- 
ted a pungent vapour scarcely visible to 
the eye, and left a slight earthy residuum. 
Six hundred grains of the bark loaded 
with it were lixiviated with water, and 
afforded 320 grains of a light palt, resem- 
bling in colour a light wo<xl, and compos- 
ed <» short needles united in radii. It was 
not deliquescent ; and though the crystals 
did not form till the solution w^s greatly 
condensed by je?#pQXK^WH it is not very 
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soloble, nnce 1000 parts of water <C8soire 
but 35 with heat, and 15 cold. 

This salt was found to be a compound 
of lime and a peculiar vegetable acid, with 
some extractive matter. 

To obtain the acid senarate, M. Klap- 
roth decomposed the calcareous salt by 
acetate of lead, and separated the lead by 
sulphuric acid. He likewise decomposed 
it directly bv sulphuric acid. The pro- 
duct was still more like succinic acid in 
taste; was not deliquescent; eauly dis- 
solved both in water and alcohol ; and did 
not precipitate the metallic solutions, as 
it dia in combination with lihie. Twen^ 
l^ns being slightly heated in a small 
glass retort, a number of drops ai an acid 
liquor first came over; next a concrete 
salt arose, that adhered flat against the 
top and part oi the neck of the retort in 
the form of prismatic ciystals, colourless 
and transparent ; and a coaly residuum re- 
mained. The acid was then washed out, 
and crystallized by spontaneous evapora- 
tion. Thus sublimation appears to be the 
best mode of purifying the salt, but it ad- 
hered too strongiy to the lime to be sepa- 
rated from it directly by heat without be- 
ing decomposed. 

Not having a sufficient quantity to de- 
termine its specific characters, though he 
conceives it to be a peciUiar acid, coming 
nearest to the succinic both in taste and 
other qualities, Mr. Klaproth has pro- 
visionally given it the name of moroxylic, 
and the calcareous salt containing it that 
of moroxylate of lime. 

Acid (Mucic). This acid has been gene- 
rally known by the name of aacchoiacHc, 
because it was first obtained fVom sug^ of 
milk ; but as all the gums appear to afford 
it, and the principal acid in sugar of milk 
is the oxalic, chemists in general now dis- 
tinguish it by the name of mucic acid. 

It was discovered by Scheele. Having 
poured twelve ounces ' of diluted nitric 
acid on four ounces of powdered sug^r of 
milk in a ghiss retort on a sand bath, the 
mixture became g^radually hot, and at 
length effervesced violently, and contin- 
ued to do so for a considerable time after 
the retort was taken from the fire. It is 
necessary therefore to use a large retort, 
and not to lute the receiver too tight, 'llie 
effervescence having nearly subsided, the 
retort was a^in placed on the sand heat, 
and the nitnc acid distilled off, till the 
mass had acquired a yellowish colour. 
This exhibiting no crystals, eight ounces 
more of the same acid were added, and 
the distillation repeated, till the yellow 
colour of tlie fluid disappeared. As the 
fluid was inspissated by cooling, it was 
redissolved in eight ounces of water, and 
filtered. The mtered liquor held oxalic 
acid in solution, and seven drams and a 
VoE. I [8] 



half of a White powder remuned on the 
filter. Thn powder was the add under 
consideration. 

If one part of ^m be heated gently with 
two of nitric acid, tilt a small quantity oC 
nitrous gas and of carbonic add is disen- 
gaged, the dissolved mass wUl deposite on 
cooling the mucic add. Accinding to 
Fourcroy and Vauquelin, different gums 
yield from 14 to 26 hundredths of this 
acid. 

This pulverulent acid is soluble in about 
60 parts of hot water, and by coolinr, a 
fourth part separates in small shimng 
scales, that grow white in the air. It de- 
comi>oses the muriate of baiytes, and both 
the nitrate and muriate of lime. It acts 
▼eiy little on the metals, but forms with 
their oxides salts scarcely soluble. It pre* 
ctpitates the nitrates oi"^ silver, lead, and 
mercury. With potash it forms a salt solu^ 
ble in eight parts of boiling water, and 
crjrstalfizable by cooling. That of soda re- 
quires but five parts of water, and is equal- 
ly ciystallizable. Both these salts are still 
more soluble when the add is in excess. 
That of ammoma is deprived of its base by 
heat. The salts of barjrtes, lirne^ and mag- 
nesia, are neariy insoluble. 

* Mudc or saccholactic acid has been 
analyzed recently with much care ; 

Hydrtgtn. Carbon* Oxygen. 
Gay-Lussac, 3.62 4-33.69 +62.69 -»100 
Berzelius, 5.105 -f 33^430+ 61.465-100 
From sackctate of lead, Berzelius has 
inferred the prime equivalent of the add 
to be 13.1.* 

* Acid (Mubiatig). Let 6 parts of pure 
and well dried sea salt be put into a glass 
retort, to the beak of which is luted, in a 
horizontal directioi^ a long glass tube arti- 
ficially refrigerated, and containing a quan- 
tity of ignited muriate of lime. Upon the 
salt pour at intervals 5 parts of concentrat-- 
ed oil of vitriol, throu^ a Sjfphon fiinnel, 
fixed, air-tight, in the tubulure of the re- 
tort. The free end of the long tube being 
recurved, so as to dip into the mercury c^ 
a pneumatic trough, a ^a^ will issue, which 
on coming in contact with the air, will fonn 
a visible cloud, or haze, presenting, when 
viewed in a vivid light, prismatic colours. 
This gas is muriatic add. When received 
in glass jars over dry mercury, it is invisi- 
ble, and possesses ul the mechanical pro- 
perties of dr. Its odour is punf^nt and 
peculiar. Its taste add and conodve. Ita 
specific g^vity, according to Sir H. Bavv, 
is such, that 100 cubic inches wdgh 39 
grains, while by estimation, he says, they 
ought to be 38.4 g^. By the latter num- 
ber the spedfic grari^, compared to air, 
becomes 1.2590. By the former number 
the density comes out 1.2800. M. Gay- 
Lussac sUtes thesp. gr.at 1.2780. SirH.'a 
second number makes the primp equiva- 
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lent of cUoriiie 4.43, which eomet near to 

Berzelius's latest retuH ; while hia firat 
number makes it 4.48, ^See Chmbiits). 
Aa the attiaetieii of munatic amd fs for 
hygrometric water is very attong, it is very 
probable that 38.4 gn. may be the more 
exact weig^ht of 100 cubic inches, regard- 
ine ^he same bulk of air as >« 30.5. If an 
inflamed taper be immeraed in it, it is in- 
stantly extinguished. It is destructive of 
animal life ; but the irritation produced by 
Hon the epiglottis scarcely permits its de- 
scent into the lui^. It is merely changed 
in bulk by alterationa of temperature ; it 
experiences no chu^^e of state. When 
potassium, tin, or zinc, b heated in con- 
tact with this gfts over mercury, one-half 
of the volume disappears, and the remain- 
der is pure hydrogen. On examining the 
solid residue/ it is found to be a metaUic 
chloride. Hence muriatic acid gas con- 
sists of chlorine and hydrogen, united in 
equal vcdumes. This view of its nature 
was originally given by Scheele, though 
obscured by teraisdeiivedfiom the vague 
and visionary hypothesis of phlogiston. 
The French school afterwards intxoduced 
the belief that muriatic acid gas was a 
compound of an unknown radical and 
water; and that chlorine consisted of this 
radical and oxygen. Sir H. I>avy has the 
distinguished glory of refuting the French 
hypodesis, and of proving by decisive ex- 
periments, that in the present state of our 
knowledge, chlorine must be regarded as 
a simple substance ; and muriatic acid gas 
as a compound of it with hydroj^n. 

This gfaseous acid unites rapidly, and in 
large quantity, with water. I'he following 
table of its aqueous combinations, was con- 
structed after experimenta made by Mr. 
£. Davy, in the laboratory of the Royal In- 
stitution, under the inspection of Sir H. 
Davy. 

At temperature 45^^, barometer 30. 
100 parts of solution 

of muriatic gas, in Of muriatic acid 
water, of sp. grarity gas, parts. 



121 contam 42.43 


1.20 


40.80 


1.19 


38.38 


1A7 


34.34 


1.16 


32.32 


1,15 


i0.30 


1.14 


28.28 


1.13 


26.26 


112 


24.24 


1.11 


22.30 


1.10 


20.20 


a.o9 


18.18 


1.08 


16.16 


i.or 


14.14 


1.06 


12.12 


105 


10.10 


1.04 


8.08 


1.03 


6,06 



100 paita of solution 

oi muriatic gas, in Of muriatSc acid 
water, of sp. gpravity gaa, parts, 

1.02 contam 4.04 
1.01 2.02 

At the temperature of 40^ Fahrenheit, 
wat^ absori>s about 480 times its bulk of 
gas, and forma solution of muriatic ax^d 
gas in water, the specific gravity of which 
u 1.2109 Sir H, Davf9 Elementw. 

In the Annals of Philosophy for Octo- 
ber and November 1817, there are two 
papers on the constitution of liquid muri- 
atic acid with tables, by Br. Ure, which 
coincide nearly with the precedii^ results;. 
They were founded on a great number of 
experimenta carefully penbrmed, which 
are detuled in the October number. In 
mixing strong liquid acid with water, he 
found that some heat is evcdved^ and a 
small condensation of volume is experien- 
<:ed, contrary to the observation of Mr. 
Kirwan. Hence this acid forms no longer 
an exception, aa that eminent chemist 
taugjht, to the general law of ccmdensa* 
tion of volume, which liquid acids obey in 
their progressive dilutions. Hitherto in- 
deed man^ chemists have, without due 
consideration, assumed the half-sum or 
aW^Am^ca/ mean of two specific gravides, 
to be the truly ctnpuied mean ; and on 
comparing the number thus obtained with 
that derived from experiment, they have 
inferred the change of volume, occaaon- 
ed by chemical combination. The errors 
into which this false mode of computation 
leads are excessively great, when the two 
bodies differ considerably in their specific 
gravities. A view of these erroneous re- 
sults wss given in Dr. Ure's third table of 
sulphuric acid, published in the 7th num- 
ber of the Journal of Sciences and the 
Arts, and reprinted in this Dictionary, ar- 
ticle SpsGinc Gbavitt. When, however, 
the two specific gravities do not differ 
much, the errorabecome less remarkable. 
It is a angular fact, that the arithmetical 
mean, which is always greater than the 
righdy computed mean specific ^vity, 
g^ves in the case of liquid muriatic acid, 
an error in excess, very neariy equal to 
the actual increase of density, llie curious 
coincidence thus accidentally produced, 
between accurate experiments and a false 
mode of calculation is very instructive, and 
ought to lead chemists to verify every 
anomalous phenomenon, by independent 
modes of research. Had Mr. Kirwan, for 
example, put into a nicely ^duated 
tube 50 measures of strong muriatic acid, 
and poured gently over it 50 measures of 
water, he would have found after agita- 
tion, and cooling the mixture to its former 
temperature, that there was a decided 
dimmution of volume, as Dr. Ure eiEperi- 
mentaUy ascertained/ 
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TABLE of Teal Muriatie Add, 8cc. in lOOof the UqjM Acid, by Br. Vmi. 



Sp.Gr, 



Dry 
Add, 



192028.3 



1900 
1881 
1863 
1845 



28 
27. 
27.45 
27.17 



182726.88 
1808 26.60 
1790 26.32 
177226.04 



1753 



25.75 



1735 25.47 33.8432.85 
171525.19 



1661 



1605 



1531 



1491 
1471 



1431 



1391 
1371 



0237. 



73 36. 
36. 
36 
35. 
35. 
34. 
34. 
34. 



169824.90 
167924.62 



24.34 



1642 24.05 
162423.77 



23.49 



158723. 
1568 22.92 
1550 22.64 



22.36 



1510 22.07 



21.: 
21.51 



145221.22 



20.94 



20.37 
20.09 



Add 
Gat, 



37, 



) 36.50 
2 36.13 
) 35.77 
U7 35.40 
1.10 35.04 
J 34.67 
1 34.31 
^33.94 
)3l58 
J 33.21 



.20130, 
30. 
30. 
29. 
29, 



.79 29. 



1.20 
'.82 



27.37 

27.01 

141020.66 27.4526.64 

.0726.28 

6925.91 

25.55 

25.18 



135119.81 
133219.53 

1312119.2425.57124.82 
1293118.96 



25.19 



CMo- 



32.48 
32.12 
31.75 
31.39 
31.02 
30.66 
30.29 
29.93 
29.56 
29.20 
28.83 
28.47 
28.10 



28.57|27.74 

28. 

27. 



34.45 



Sp.Gr, 



1.1272 

1.1253 

1.1233 

1.1214 

1.1194 

1.1173 

1.1155 

1.1134 

1.1115 

1.1097 

1.1077 

1.1058 

1.1037 

1.1018 

1.0999 

1.0980 

1.0960 

1.0941 

1.0922 

1.0902 

1.0883 

1.0863 

1.0844 

1.0823 

1.0805 

1.0785 

1.0765 

1.0746 

1.0727 

IJ 

1.0688 

1.0669 

1.0649 

1.0629 



18.68 24.82i24.09 
18.39 24.4423.72 
18.11 24.06 23.36 
17.8323.69 22.99 
22.63 
22.26 
22.56 21.90 



,0707 10. 



Dry Add,ChUi- 
Add, Qat, \rine. 



15 00 
14.72 
14.43 
14.15 
13.87 
13.58 



17.5523.31 

17.2622.93 

16.98 

16.70 

16.41 

16.13 

15.85 

15.56 



22.18 21,53 



21.81 
21.43 
21.05 
20.68 
15.2820.30 



19.93 



19.55 18.9^ 



18.61 
18.25 
17.88 



19.17 
18.80 
18.42 

18.04 17.52 

13.30117.67 17.15 

13.02117.29 16.79 

I2.73!l6.92 16.42 

12.45 16.54 16.06 

I2.iri6.17 15.69 

11.8815.79 

11.60 15.42 14.96 

11.3215.04. 14.60 

11.04 14.66 14.23 

10.75 14.29 

.4713.91 

10.19 13.54 

9.9013.16 

9.6212.78 

9.34112.41 



21.17 

20.80 
20.44 
19.07 
19.71 
19.34 



13.87 
13.50 
13.14 
12.77 
12.41 
12.04 



^■^■J^ 



1.0610 

1.0590 

1.0571 

1.0552 

1.05> 

1.0514 

1.0495 

1.0477 

1.0457 

1.0438 

1.0418 

1.0399 

1.0380 

1.0361 

1.0342 

1.0324 

1.0304 

1.0285 

1.0266 

1.0247 

1.0228 

1.0209 

1.0190 

1.0171 

1.0152 

1.0133 

1.0114 

1.0095 

1.0076 

1.0056 

1.0037 

1.0019 

1.000 



.6410 



9.05 

8. 

8. 

8.21 

7.92 

7 

7.S6 

7,07 

6.79 

6.51 

6.23 

5.94 

5.66 

5.38 

5.09 

4.81 

4.53 

4.24 

3.96 

3.68 

3.39 

3.11 

2.83 

2.55 

2.26 

1.98 

1.70 

1.41 

1.13 

0.85 

0.56 

0.28 

0.00 



12 03 
77 11.65 
.49 11.28 
10.90 
10.53 
1.15 
9.77 
9.40 
9.02 
8.65 
8.27 
7.89 
7.52 
7.14 
6.77 
6.39 
6.02 
5.64 
5.26 
4.89 
4.51 
4.14 
3.76 
3.38 
3.01 
2.63 
2.26 
1.88 
1.50 
1.13 
0.?52 
0.376 
0.000 



11.68 
11.31 
10.95 
10.58 
10.22 
9.85 
9.49 
9.12 
8.76 
8.39 
8.03 
7.66 
7.30 
6.93 
6.57 
6.20 
5.84 
5.47 
5H 
4,74i 
4.38 
4.01 
3.65 
3.28 
2.92 
2.55 
2.19 
1.82 
1.46 
109 
0.73 
0.365 
0.000 



The fundamental denaty of the acid of 
the prececUngf table is 1.1920, which is as 
strong as it is comfortable to make or to 
use in chenacal researches. To find the 
quantity of real acid in that possessed of 
greater denaty, we have only to dilute it 
with a known proportion of water, tiU it 
come within the range of the table. The 
short memoir in the Annals for November, 
contains the logarithmic series correspon- 
ding to the range of denmties and acid 
strengths; but for all ordinary purposes 
the following simple rule will serve: 
Multiply the decimal part of the number 
denoting the specific gravity by 147, the 
product will be very nearly the per-cen- 
tige oi dry acid, or by 197 when we wish 
to know the per-centage of the acid 

ExAXPLss. 1, The specific gravity is 
1.141 ; required the proportion of dry acid 
in 100 parts. 

0.141 X 147 * 20.72. By the table it 
is 20.66. 



2. The specific gravity is 1.096; the 
quantity of acid gas is sought. 

0.096 X 197 i- 18.9. By the table it is 
18.8. 

According to the new doctrine of Sir 
H. Dany there is no such substance as the 
dry add ; and therefore in a thewetical 
point of view, the column containing it 
might have been expunged. But for 
practical purposes it is very usefiil, for it 
shows directly the increase of wdght whi^ 
any alkaline or earthy base will acquire, 
by combining with the liqiud acid, lliufl^ 
if we unite 100 grs. of fiquid acid sp* 
gravity 1.1134 with quickhme, we see that 
the base will, on evaporation to dryness, 
be heavier bv 16.7 grains. We would 
require a little calcuktion to determine 
this amount from the other columns. We 
have seen it stated that water, in absorb* 
ing 480 times its bulk of the acid gas, be- 
comes of specific gravity 1.2109. If we 
eompiite from these data the increase of 
iUMir, we shaU find it equal to 1.43, or. 
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nearly one slid a half the rohinie of the 
water. 481 parts oceupy onljr 1.43 in bulk» 
a condemation of about 340 into one. The 
consequence of this approziniation of the 

E articles, is the evolution of their latent 
eat; and accordingly the heat produced 
in the condensation of the gas is so g^eat 
that it melts ice abnost as rapidly as the 
steam of boiling water does. Hence also 
in passing the gas from the beak of a retort 
into a WouJfe's apparatus containing water 
to be impregnated, it is necessaiy to sur- 
round the bottles with cold water or ice, 
if we wish a considerable condensation. 

Dr. Thomson, in the second volume of 
his System of Chemistry, 5th edition, has 
committed some curious mistakes in treat- 
ing of the aqueous combination of muriatic 
acid gas. He says, ** A cubic inch of 
water at the temperature of 60**, barome- 
ter 29.4, absorbs 515 cubic inches of muri- 
atic acid gas, which is equivalent to 308 
grains nearly. Hence water thus impreg- 
nated contuns 0.548, or more than half of 
its weight of muriatic acid, in the same 
state of purity, as when {gaseous. I caused 
a current of gas to pass through water, 
till it refused to absorb any more. The 
specific gravity of the acid thus obUuned 
was 1.203. If we suppose that the water 
in this experiment absorbed as much gas 
as in the last, it will follow from it that 6 
parts of water, being saturated with this 
gas, expanded so as to occupy veiy 
neariy the bulk of 11 parts; but in all 
my trials the expansion was only to 9 
parts. This would indicate a specific 
gravity of 1.477; yet upon actually trying 
water thus saturated, its specific gravity 
was only 1.203. Is this dinerence owing 
to the gas that escapes durinjg^ the taking 
of the specific gravity f" page 232. 

We are here presented with a puzzle 
for the chemical student; and an instruc- 
tive example, when one takes the trouble 
of unravelling the hank, of a contest be> 
tween experimental results and false 
computation. Granting all the experimen- 
tal statements to be exact, none of the 
consequences follow. For, in the first 
place, Sl§ cubic inches of muriatic acid 
gas do not weigh 308 grains nearly, but 
only 201 grains ; and hence, secondly, his 
liquid acid could contain at utmost only 
0.443 of its weight of gas, instead of 0.548 ; 
and, in the third place, the calculated en- 
largement of bulk is 1.5, or from 6 to 9, 
and not to 11 ; so that the g^iere with 
which he concludes is superseded. But 
another qtsere may here be started, about 
the experimental results themselves. Dr. 
Thomson says, that a cubic inch of water 
sdi^soibs 515 cubic inches of gas, and ac- 
quires the specific gravity by experiment 
of 1.203. Sir H. Davy states, that a cubic 
i&ch of water absorbs about 480 cubic 



inches of gas, and forms a liquid of specific 
gravity 1.2109. Now it is remaricable tliat 
Dr. Thomson's additional condensation of 
35 inches of gas gives a lets specific gravity 
than we have in the strtmg'er aod of Sir 
H. Davy. 

But farther, tlie table constructed by- 
Sir H. and E. Davy presents for its funda- 
mental density the number 1.20 of I>r. 
Thomson. Now this particular acid, of 
1.20 was carefully analyzed by nitrate of 
silver, and is stated by Sff H. to contain 
in 100 grains 40.8 g^ns of condensed gas. 
Of course we have a remainder of S9.2 
grains of water. 40.8 g^. of gas have a vol- 
ume at the ordinary pressure and temper- 
ature of 104 cubic inches, reckonings the 
weight of 100 cubic inches to be 39. 162 
gr, with Dr. Thomson- And as 59.2 gr. 
of water have absorbed 104 cubic inches* 
we have the following proportion, 59.2 : 
104 : : 252.5 : 443. Thus a cubic inch has con- 
densed only 443 cubic inches, instead of 
515. ss by Dr. Thomson. And whatever 
error may be supposed to be in their 
table, it is but minute, and undoubtedly 
does not consist in widenxaing the quan- 
tity of condensed gas. 

By uniting the base of this gas vrith 
silver^ and also with potassium, Berzelius 
has lately determined the prime equivalent 
of muriatic acid to be 3.4261, whence 
chlorine comes out 4.4261, and muriatic 
gas 4.4261 -f- 0.125 (the prime of hydro- 
gen) — 4.5511. But if we take 1.278 as 
the specific gravity of this acid gas, then 
tlie specific gravity of chlorine will be 
twice that number, ndmu the specific 
gravity of hydrogen, or (1.278 X 2 ) 
-4).0694 ^ 2.4866; and as chlorine and 
hydrogen unite volume to volume, then 
the relation of the prime of chlorine will 
2.4866 

be to that of hydrogen — « 35. 83. 

0.0694 
If we divide this by 8, we shall have 4.48« 
to represent the prime equivalent of chlo- 
rine, and 4.48 -f- 0.125 »» 4.605 for that 
of muriatic acid gas. 

But if we call the specific gravity of 
dry muriatic acid gas 1.2590, as Sir H. 
Davy says it should be by calculation, 
then the sp. gravity of chlorine becomes 
2.4486, and its prime 4.42, a number 
freeing nearly with the latest researches 
of Berzelius. 

Muriatic acid, from its composition, has 
been termed by M. Gay-Lussac the hydro- 
chloric acid ; a name objected to, on good 
grounds, by Sir H. Davy. It was prepar- 
ed by the older chemists in a very rude 
manner, and was called by them spirit of 
salt.* 

In the ancient method, common salt was 
previously decrepitated, then ground 
with diied day, and kneaded or wrought 



ACI 



AOI 



winh water to * modeiately «Uff 
tence^ after which it was divided into 
balls of the size of a pigeon's e^g: these 
balls, being {nrevkrasly well dned, were 
put into a retort, so as to fill the vessel 
two-thirds full; distillation being then 
proceeded upon, the muriatic acid came 
over when the heat was raised to ig^tion. 
In this process eight or ten parts of clay 
to one of salt are to be used. The retort 
must be of stone-ware weU coated, and 
the furnace must be of that kind called 
leverberatory. 

It was formerly thought, that the salt 
was merely divided in this operation by 
the clay, and on this account more readily 
gftve out its acid: but there can be little 
doubt, that the effect is produced by the 
aiUceous earth, which abounds in large 
proportions in all natural clays, and de- 
tains the alkali of the salt by combining 
with it. 

* Sir H. Davy first gave the just ex- 
planation of this decomposition. Common 
salt is a compound of sodium and chlorine. 
The sodium may be conceived to combine 
with the oxygen of the water in the earth, 
and with the earth itself, to form a vitreous 
compound; and the chlorine to unite 
with the hydrogen of the water, forming 
muriatic acid gas. ''It is also easy," adds 
he, '' according to these new ideas, to ex- 
phun the decompoution of salt by moisten- 
ed litharge, the theoiy of which has so 
much perplexed the most acute chemists. 
It may be conceived to be an instance of 
compound affinity ; the chlorine is attrac- 
ted by the lead, and the sodium combines 
with the oxygen of the litharge, and with 
water, to form hydrate of soda, which 
gradually attracts carbonic acid from the 
air. When common . salt is decomposed 
by oil of vitriol, it was usual to explain tlie 
phenomenon by saying, that the acid by its 
superior affinity, aided by heat, expelled 
the gas, and united to the soda. But a» 
neither muriatic acid nor soda exists in 
common salt, we must now modify the 
explanation, b^ saying that the water of 
{he oil of vitnol is first decomposed, its 
oxygen unites to the sodium to form soda, 
which is seized on by the sulphuric acid, 
while the chlorine combines with the hy- 
drogen of the water, and exliales in the 
form of muriatic acid gas." 

As 100 parts of diy sea salt, are capable 
ofyieldij^62 parts by weight of muriatic 
acid gasy these ought to afford by econo- 
wakaX management, nearly 221 parts of 
liquid acid, specific giavity 1.142, as pre- 
scribed bv the London College, or 200 
parts of acid sp. gr. 1 .160, as directed by the 
Edinbuigh and Dublin Pharmacopeias. 

The fluid ounce of the London College 
being ^^ of a wine pint, is equal in weight 
fb L265817 lbs. Troy, diviOed by 16, 



which giret 4S3.7 gtains Troj. Tfaif 
weig^ht multiplied by 1. 142 — the specific 
gravity of their standard acid, ^ves the 
product 520.4 r which being multiplied 
by 0.2763, the muriatic gas in 1.00 by Dr. 
Ure's table, we have 143.8 or 144 for the 
acidf^ in the Uquid ounce, of the above 
density. We find this quantity equivalent 
to 200 gr. of carbonate of lime. Had the 
fundamental number 2^.3 of Dr. Ure's 
table been made 28.6, as one of his ex- 
periments related in the Annals of Philoso- 
phy indicates, then a hquid ounce of the 
above acid would have dissolved upwards 
of 202 grains of pure calcareous carbonate. 
But when the results fluctuate between 
28.3 and 28.6, they become exceedingly 
difficult to decide upon. As the difference 
is altogether unimportant in practice, he 
does not feel himself justified in making 
any alteration in his table. The limit of its 
error is certainly a fraction of one per cent. 
Were 29.0 the leading number, then a 
liquid oz. of acid of 1.142, would dissolve 
205 grains of calc spar. It is obvious that 
the aeries of specific gravities given in the 
above table, is altogether independent of 
this question. If 28.6 should be prefer- 
red by any person, let him multiply this 
number by 0.9, 0.8, 0.7, 0.6, &c. and he 
will have a series of numbers represen- 
ting the quantities of dr^ acids correspon- 
ding to the specific gravities 1.190, 1.1735, 
1.1550, 1.1351, &c. for these densities are 
oppo^te to 90, 80, 70, 60, &c. per cent of 
the strong acid. When this acid is con- 
taminated with sulphuric acid, itaifords 
precipitates with muriates of barytes and 
strontites.* 

We have described the ancient method 
of extracting the gas from salt, which is 
now laid aside. ' 

The English manufacturers use iron stills 
for this distillation, with earthen heads: 
the philosophical chemist, in making the 
acid ofcmmmercet will doubtiess prefer glass. 
Five parts, by weight, of strong sulphuric 
acid are to be added to six of decrepitated 
sea salt, in a retort, the upper part of which 
is furnished with a tube or neck, through 
which the acid is to be poured upon the 
salt. The aperture of this tube must be 
closed witii a ^ound stopper immediately 
after the pouring. The sulphuric acid im- 
mediately combines with the alkali, and 
expels the muriatic acid in the form of a 
peculiar air, which is rapidly absorbed by 
water. As this combination and disen- 
gagement take place without the applica- 
tion of heat, and the a^'rial fluid escapes 
very rapidly, it is necessary to arrange and 
lute the vessels together before the sul- 
phuric acid is added, and not to make any 
fire in the furnace until the disengagement 
be^ns to slacken ; at which time it must 
be veiy gradually raised. Before the mo- 
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dem impiofemeiitB in chennstiy wete 
made, a great part of the add escaped for 
want of water to combine with ; but by the 
tiae of Woulfe's apparatiu^ (See Laboba- 
TOBT,) the add air is made to pass throug^h 
water, in which it is nearly condensed, and 
forms muriatic acid of doable the weight 
of the water, though the bulk of this fluid 
is increased one-huf only. The acid con- 
densed in the first recdver, which con* 
tains no water, b of a yellow colour, aria* 
ing from the impurities of the salt. 

The marine acid in commerce has a straw 
colour: but this is owing to accidental im- 
purity ; for it does not obtain in the add 
produced by the impregriation of water 
with the pure aeriform acid. 

Hie muriatic acid is one of those longest 
known, and some of its compounds are 
among those salts with which we are most 
familiar. 

* The muriates, when in a state of dry- 
ness, are actually chlorides, consisting of 
chlorine and the metal ; but since moisture 
makes them instantly pass to the state of 
muriates, we shall describe, them under 
this article. The sulphates and nitrates, 
when destitute of water, may in like man- 
ner be regarded as containing neither acid 
nor alkaH, and might therefore be trans- 
ported to some new department of dassi- 
fication, to be styled sulphides and nitrides^ 
as we shdl see in treating of salts.* 

The muriate of baiytes crystallizes in ta- 
bles bevelled at the edges, or in oeta'edral 
pyramids applied base to base. It is solu- 
ble in five parts of water at 60^, in still less 
at a boiling heat, and also in alcohol. It 
is not altered in the air, and but partly de- 
composable by heat. The sulphuric acid 
separates its base ; and the alkaline carbo- 
nates and sulphates decompose it by dou- 
ble affinity. It is best prepared by dis- 
solving the carbonate in dilute muriatic 
add ; and if contaminated with iron or lead, 
which occanonally happens, these may be 
separated by the addition of a small quan- 
tity of liquid ammonia, or by boiling and 
stirring the solution with a little batytes. 
Mr. Goettling recommends to prepare it 
from the sulphate of barytes : eight parts 
of which in fine powder are to be mixed 
with two of muriate of soda, and one of 
charcoal powder. This is to be pressed 
hard into a Hessian crucible, and exposed 
for an hour and a half to a red heat in a 
wind fiimace. The cold mass, being pow- 
dered, is to be boiled a minute or two in 
sixteen parts of water, and then filtered. 
To this liquor muriatic add is to be added 
by Httle and Uttle, tiU sulphuretted hydro- 
e'en censes to be evolved ; it is then to be 
filtered, a little hot water to be poured on 
the residuum, the liquor evaporated to a 
pellicle, filtered agsdn, and then set to ciys- 
tallize. As the muriate of $oda is much 



more tdlobte tiiaii the muriate of bsrytei^ 
and does not separate by cooling, the mu- 
riate of baiytes will crystallize into a per- 
fectljr white salt, and leave the muriate of 
soda in the mother water, wl^ch may be 
evaporated repeated^ till no more muriate 
of baiytes is obtained. This salt was first 
employed in medicine by Dr. Crawford* 
chiefly in scrofulous c<miplatnts and can* 
cer, beginning with doses of a few drops 
of the saturated solution twice a-day, and 
increasing it gradually, as ftr as forty or 
fifty drops in some instances. In laige do- 
ses it excites nausea, and has deleterious 
efiects. Fourcroy says it has been fiouitcl 
very successful in scrofula in France, it 
has likewise been recommended as a ver- 
mifuge ; and it haa been given with much 
apparent advantage, even to very youngs 
children, where the usual symptoms of 
worma occurred, though none were ascer- 
tained to be present. As a test of sulphu- 
ric add it is of great use. 

The muriate of potash, formerly known 
by the names cS febrifuge nUt^f Sylvhu, 
iiffe»tive taU^ and regenerated sea mft, crys- 
tallizes in regular cubes, or in rectangular 
parallelopipedona ; decrepitating on the 
fire, without losing much dT thdr add, and 
acquiring a little moisture from damp air» 
and ^ving it out sgain in diy . Their taste 
is sahne and bitter. They are soluble in 
thrice their weieht of cold water, and in 
but little less of boiling water, so as to re- 
quire spontaneous evaporation fi>r ciystal- 
hzing. Fourcroy recommends, to cover 
the vessel with gauze, and suspend hdrs 
in it, for the purpose of obtdning regular 
ciystals. 

It is sometimes prepsred in decompo- 
sing sea salt by common potash for the 
purpose of obtaining soda; and may be 
formed by the direct combination of its 
constituent parts. 

^ It is decomposable by the sulphuric and 
nitric acids. Baiytes decomposes it, though 
not completely. And both silex and alu- 
mina decomposed it partially in the dry 
way. It decomposes the earthy nitrates^ 
so that it might be used in saltpetre manu- 
factories to decompose the nitrate of Erne. 

Muriate of soda, or ctmrnon wit, is of C(m- 
siderable use in the arts, as well as a ne- 
cessary ingredient in our food. It crystal- 
lizes in cubes, which are sometimes group- 
ed together in various ways, and not unfr^- 
quently form hollow quadrangular pyra- 
mids. In the fire it decrepitates, melts, 
and is at length volatilized. When pure 
it is not deliquescent One part is soluble 
in 2i of cold water, and in little less of hot^ 
so that it cannot be crystaDized but by eva- 
poration. Accor^g to M. Chenevix, it is 
soluble in alcohol iuLbo, particularly when 
it is mixed with the chlorate. 

Common salt is found in large masses^ or 
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ui roclB nadet the caitb, in Bngland and 
elsewhere. In the solid form it is called 
wLgem or roektalt. If it be pure and trans- 
parent, it may be immediately used in the 
state in which it is found ; but if it contain 
any impure earthy particles, it should be 
previously freed from them. In some 
countries it is ibund in incredible quanti- 
ties, and dug up like metals from the bow- 
eb of the earth. In this manner has this 
salt been dug out of the celebrated salt 
mines near Bochnia and Widiczka, in Po- 
land, ever sinee the middle of the 13th 
centuiy, oonsequenti^ above these 500 
years, in such amazuig quantities, that 
sometimes there have oeen 20,000 tons 
ready for sde. In these mines, which are 
said to reach to the depth of several hun- 
dred fathoms, 500 men are ocmstantly em- 
ployed. The pore and transparent salt 
needs no other preparation than to be 
beaten to small |>ieces, or {ground in amill. 
But that which is more nnpure must be 
elutriated, pureed, and boiled. That 
which is quite impure, and full of small 
stones, is sold under the name of rock salt, 
and is applied to ofdinazy uses; it mmr 
likewise be used for strengthening weak 
and poor brine-springs. 

Though the salt mines of Wieliczkay 
near Cracow in Poland, have long asto- 
nidied ^e philosopher and traveller^ yet 
it deserves to be remarked, that ^e quan- 
tity of rock salt obtained from the mines 
of Nordtwich is greatly superior to that 
obtained at Cracow. The bishop of Uan- 
daflr affirms, that a single pit, into which 
he descended, yielded at a medium 4000 
tons of salt in a year, which alone is about 
two4hirds of that raised in the PoHdi 
mines. T4iis rock salt is never used on 
our tables in its crude state, as the Polish 
rock salt is; and though the pure transpa- 
lent salt might be used with our food, with- 
out any danger, yet it is prohibited under 
a penalty of 408. for every pound of rock 
sak so applied. It is part^ purified in 
water, and a great part of it is sent to Li« 
verpcK>l and other places, where it is used 
either for strengthening biine-springs or 
sea water. 

Beside the salt mines here mentioned, 
where the common salt is found in a con- 
crete state, under the name of rock salt, 
there is at Cordova, in the province of Ca- 
talonia in Spain, a i^markable solid moun- 
tsun of rock salt ; tlus mountMn is between 
four and five hundred feet in height, and a 
league in circuit; its depth below the sur- 
face of the earth is not known. This 
mountain contains the rock salt without 
the least admixture of any other matter. 

The waters of the ocean every where 
abound with common salt, though in difie- 
rent proportions. The water of the Bal- 
tioseais said to contain one sixty^ourth 



<if itsii^ghtof salt; that of the seaber 
tween England and Handera contains one 
thirty-second part; that on the coast of 
Spain one nxteenth part; and between 
the tropics it is said, erroneously, to con- 
tain from an eleventh to an eighth part. 

The water of the sea contains, besides 
the common salt, a considerable propor- 
tion of muriate of magnesia, and some sul- 
nhate of lime, of ao&t and potash. The 
former is the chief inj^^redient of the re- 
maining liquid which is left after the ex* 
traction of the common salt,aihd is called die 
mother water. Sea water, if taken up neai 
the surface, contains also the putrid re- 
mains of animal substances, which render 
it nauseous, and in a long continued cahn 
cause the sea to stink. 

The whole art of extracting salt from 
waters which contain it, consists in evapo- 
rating the water in the cheapest and most 
convenient manner. In England, a brine 
composed of sea water, with the addition 
of rock salt, is evaporated in large shallow 
iron boilers; and the crystals of salt are 
taken out in baskets. In Russia, and pro- 
bably in other n<»them countries, the sea 
water is exposed to freeze ; and the ice^ 
which is a]m<wt entirely fresh, being taken 
out, the remaining brine is much stronger, 
and is evaporated by btnling. In th6 
southern parts of Europe the ralt-maken 
take advantage of spontaneous evapora- 
tion. A fiat piece of ground near the sea 
is chosen, and banked round, to prevent 
its being overflowed at high water. The 
space within the banks is divided by low 
walls into several compartments, which 
successively communicate with each other. 
At flood tide, the first of these b filled 
with sea water; which, b^ remuning a 
certun time, deposites its impurities, and 
loses part of its aqueous fiuid. The re^- 
due is then suffered to run into the next 
compartment; and the former is again 
filled as befinre. From the second com- 
partment, after a due time, the water b 
transferred into a third, which is lined 
with clay well rammed and levelled. At 
this period the evaporation is usuidly 
brought to that degree, that a crust of sadt 
is formed on the sur&ce of the water, 
which the workmen break, and it imme- 
diately ftllsto the bottom. They continue 
to do this, until the quantity is sufiicient 
to be raked out, and chied in heaps. This 
is caQed bay 9aU, 

In some parts of France, and also on the 
coast of China, they wash the dried sand< 
of the sea with a small proportion of wa- 
ter, and evaporate this bnne in leaden 
boilers. 

There is no difference between this salt 
and the lake salt extracted from different 
lakea^ excepting such as may be occasion- 
ed by the c«iu4 intervention of some sub* 
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Stances. In this respect the Jeltonic salt 
water lake, in the Russian dominions, near 
Saratow and Dmitrewsk, deserves our at- 
tention. In the year 1748, when the Rus- 
sians first fetched salt thence, the lake 
was almost solid with salt; and that to 
such a de{^e, that they drove their heavy 
wagons over it, as over a frozen river, 
and broke up the salt.f But unce the 
year 1757 the water nas increased so 
muchy that at this time it is nothing more 
than a lake very strongly impregnated 
with saltt The Jeltonic lake salt contains 
at the same time alum and sulphate of 
magnesia. 

At several places in Germany, and at 
Ifontmarot in France, the waters of salt 
springs are pumped up to a large reser- 
voir at the top or a building or shed ; from 
which it drops or trickles through small 
apertures upon boards covered with brush- 
wood. The large surface of the water 
thus exposed to the air causes a very con- 
siderable evaporation ; and the brine is af- 
<terward conveyed to the boilers for the 
perfect separation of the salt. 

To free common salt from those mix- 
tures that render it deliquescent, and less 
fit for the purposes to which it is applied* 
it may be put into a conical vessel with a 
small aperture at the point, and a satura- 
ted solution of the muriate of soda boiling 
hot be poured on it. This solution will 
dissolve and carry off any other salt mix- 
ed with the muriate of soda, and leave it 
quite pure, by repeating the process three 
•r four times. 

From this salt, as already observed, the 
muriatic acid is extracted; and of late 
years to obtain its base separate, in the 
most economical mode, for the purposes 
of the arts, has been an object of research. 
Ibe process of Scheele, which consists in 
mixing the muriate of soda with red oxide 
of lead, making this into a soft paste with 
water, and allowing it to stand thus for 
some time, moistening it with water as it 
rets dry, and then separating the soda 
from the muriate of lead by lixiviation, has 
been resorted to in this country. Mr. 
Turner some years ag^ had a patent for 
it; converting the muriate of lead into a 
a pigment, which was termed mineral or 
patent yeUvw^ by heating it to fusion. The 
oxide of leaid should be at least twice the 
weight of the salt. This would have an- 
swered extremely well, had there been 
an adequate and regular demand for the 
pigment. At present, we understand, the 
greater part of the carbonate of soda in 
the market is furnished by decomposing 
the sulphate of soda left after the muriatic 

f Why did it not sink P Does salt swim 
like ice ? I questbn the truth of this ac- 
count. 



acid is expelled in the usual way of nDami^ 
facturing it from common salt. Various 
processes for this purpose were tried in 
France and made public by the French 
government, all depending on the princi- 
ple of decomposing the add of the sul- 
phate, by charcoal, and at the same time 
adding some other materiiU to prevent 
the soda from forming a sulphuret. What 
they consider as the best, is to mix the sul- 
phate of soda with an equal weight of chalk 
and rather more than half its weig^ht of 
charcoal powder, and to expose the mix- 
ture in a reverberatoty furnace to a heat 
sufficient to brin^ them to a state of im- 
perfect liq|ue&ction. Much of the sulphur 
formed will be expelled in vapour and 
burned, the mixture being frequently 
sdrred to promote this ; and this is conti- 
nued till the mass on cooling assumes a 
fine grain. It is then lefl exposed to a 
humid atmosphere, and the carbonate of 
soda may be extracted by fixiviation, the 
sulphur not consumed having united with 
the lime. Tinmen's shreds, or old iron, 
may be employed instead of chalk, in the 
proportion of 65 parts to 200 of sulphate 
of soda, and 62 oi^ charcoal ; or chalk and 
iron may be used at the same time in dif- 
ferent proportions. The muriate <^ soda 
might be decmnposed in the first instance 
by the sulphate of iron, instead of the sul- 
phuric acid. The carbonate of soda thus 
prepared, however, is not free from sul- 
phur, and Diz6 recommends the abstrac- 
tion of it by adding lithai^ to the lixi- 
viiun in a state of ebollition, which will 
render the alkali pure. Oxide of mannt. 
nese was substituted in the same way with 
equal success ; and this may be used re- 
peatedly, merely by calcining it af^er each 
time to expel tbe sulphur. 

.Mr. Accum gives the following method, 
as having answered extremely weU in a 
soda manufactory in which he was em- 
ployed :-~Five hundred pounds of sulphate 
of soda, procured from tne bleachers, who 
make a large quantity in preparing their 
muriatic acid from common salt, were put 
into an iron boiler with a sufficient quan- 
tity of soft water. Into another boiler were 
put 560 lbs. of g^ood American potash, or 
570y if the potash were indiflferent, dis- 
solved in about 30 pails of water, or as lit- 
tie as pos^ble. When both were brought 
to boil, the solution of potash was ladled 
into that of sulphate of soda, agitating th^ 
mixture, and raising the fire as quickly as 
possible. When the whole boiled, it was 
ladled into a wooden gutter, that convey* 
ed it to a wooden cistern lined with lead 
near half an inch thick, in a cool place. 
Sticks were placed across the cistern, 
from which slips of sheet lead, two or 
three inches wide, hung down into the 
fluid about four inches distant fiom each 
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Other. When the whole was cold, which 
in winter was in about three days, the fluid 
was drawn oiF, the crystalized salt was de- 
tached from the sfips of lead, and the 
rock of saK fixed to the bottom was separ- 
ated by a chisel and mallet. The salt beings 
washed in the same cistern, to free it from 
impurities, was then returned to the boil- 
er, dissolved in clear water, and evaporat- 
ed till a strong pellicle formed. Letting it 
cool till the hand could be dipped into it, 
it was kept at this temperature as long as 
pellicles would form over the whole sur- 
race, and fidl to the bottom. When no 
more pellicles appeared without blowing 
on the sutface, the fire was put out, and 
tiie solution returned into the cistern to 
crystallize. If the solution be suffered to 
cool pretty low, very little sulphate of 
potash will be found mixed with the soda ; 
but the rocky masses met with in the mar- 
ket generally contain a pretty lar|pe Quan- 
tity. In the process above descnbectthe 
produce of the mixed salt from 100 lbs. of 
sulphate of soda was in general fyom 136 
to 139 lbs. 

Besides its use in seasomng our food, 
and preserving meat both for domestic 
consumption and during the longest voy- 
a^s, and in fumishine ns with the muri* 
atic acid and soda; salt ft»m8 a glaze for 
coarse pottery, by being thrown into the 
oven wnere it is baked ; it improves the 
whiteness and clearness of ^lass ; it gfivet 
greater hardness to soap ; m melting me- 
tals it preserves their surface from calci- 
nation, by defending them from the air, 
and is employed with advantage in some 
assays ; it is used as a mordant, and tor im<* 
proving certain colours, and enters more 
or less into many other processes of the 
arts. 

The muriate of strontian has not long 
been known. Dr. Hope first distinguished 
it fr^m muriate of bastes. It crystallizes 
in very slender hexagonal prisms, has a 
cool pungent taste, without the austerity 
of the muriate of barytes, or the bitterness 
of the muriate of lime ; is soluble in 0.75 
of water at 60^^ and to almost any amount 
in boiling water $ is likewise soluble in 
alcohol, and gives a blood-red colour to its 
flame. 

It has never been found in nature, but 
may be prepared in the same way as the 
muriate of barytes. 

The muriate of lime has been known by 
the names of tnarine selemte^ calcttreoui 
marine saltf fnurioj and fixed tal omnumiae. 
It crystallizes in hexaedral prisms, termi- 
nated by acute pyramids ; but if the solu- 
tion be greatly concentrated, and exposed 
to a low temperature, it is condensed in 
confused bundles ofneedly crystals. Its 
taste is acrid, bitter, and very disagreea- 
ble. It is soluble in half its weight of cold 
Voi..i> [9] 



water, and by heat in its own water of 
crystallization. It is one of the most de- 
liquescent salts known ; and when defi- 
quesced has been caUed oil of lime. It 
exists in nature, but neither very abun- 
dantly nor very pure. It is formed in 
chemical laboratories, in the decompon- 
tion of muriate of ammonia ; and Homberg 
found, that, if it were urged by a violent 
heat, till it condensed, on cooling, into a 
vitreous mass, it emitted a phosphoric 
light upon being struck by any hard body, 
in which state it was called Homberg 9 phoa- 
phorus. 

Hitherto it has been little used except 
for frigorific mixtures; and with snow it 
produces a very great degree of cold. 
Fourcro}r, indeed, says he has found it of 
great utilitv in obstructions of the lym- 
phatics, and in scrofulous affections. 

The muriate of ammonia has long been 
known by the name of «a/ ammonia^ or am- 
monic. It is found native in the neigh^ 
bourhood of volcanoes, where it is sub- 
limed sometimes nearly pure, and in dif- 
ferent parts of Aaa and Africa. A great 
deal is carried annually to Russia and Si- 
beria from Bucharian Tartary; and we 
formerly imported larre quantities from 
Egypt, but now manu&ctur^ it at home. 
See AxxoviA. 

This salt is usually in the form of cakes^ 
with a convex surface on one side, and 
concave on the other, from being sub* 
limed into large globular vessels ; but by 
solution it may be obtained in regular 
quadrangular crystals. It is remarkable 
for possessing a certain degree of ductili- 
ty, so that it IS not easily pulverable. It 
is soluble in 3^ parts of water at 60^, and 
in little more than its own weight of boil- 
ing water. Its taste is cool, acnd, and bit> 
terish. Its specific gravity is 1.42. ft 
attracts moisture from the air but very 
slightly. 

Muriate of ammonia has been more em- 
ployed in medicine than it is at present. 
It is sometimes useful as an auxiliaiy to 
the bark in intermittents ; in gargles it is 
beneficial, and externally it is a good dis- 
cutient. In dyeing it improves or height- 
ens different colours. In tinning and sol- 
dering it is employed to preserve the sur- 
face of the metals from oxidation. In as- 
saying it discovers iron, and separates it 
from some of its combinations. 

I'he muriate of magnesia is extremely 
deliquescent, soluble in an equal weight of 
water, and difficultly crystalUzable. It dis- 
solves also in five parts of alcohol. It is 
decomposable by neat, which expels its 
acid. Its taste is intenselj^ bitter. 

With ammonia this muriate forms a tri- 
pie salt, crystallizable in little polyedrons, 
which separate quickly from the water, 
but are not very regularly formed. lu 
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tMte partakes of that of botii the prece- 
ding salts. The best mode of preparing 
ity is by mixing a solution of 27 parts of 
muriate of ammonia with a solution of 73 
of muriate of magnesia ; but it may be 
formed by a semi-decomposition of either 
of these muriates by the oase of the other. 
It is decomposable by heat, and requires 
six or seven times its weight of water to 
dissolve it. 

Of the muriate of glucine we know but 
little. It appears to crysiallize in very 
small crystals; to be decomposable by 
heat ; and, dissolved in alcohol and diluted 
with water, to form a pleasant saccharine 
liquor. 

Muriate of alumina is scarcely crystal- 
lizable, as on evaporation it assumes the 
state of a thick jelly. It has an acid, styp- 
tic, acrid taste. It is extremely soluble 
in water, and deliquescent. Fire decom- 
poses it. It may be prepared by directly 
combining the muriatic acid with alumina, 
but the acid always remains in excess. 

The muriate of zircon crystallizes in 
small needles, which are very soluble, at- 
tract mobture, and lose their transparencv 
in the lur. It has an austere taste, with 
somewhat of acrimonv. It is decomposa- 
ble by heat. The eaUic acid precipitates 
from its solution, it it be free from iron, a 
white powder. Cai*bonate of ammonia, 
if added in excess, redissolves the preci- 
pitate it had before thrown down. 

Muriate of yttria does not - crystallize 
when evaporated, but forms a jelly : it 
dries with difficulty, and deliquesces. 

Fourcroy observes, that when siliceous 
stones, previously fused with potash, are 
treated with muriatic acid, a hmpid solu- 
tion is formed, which may be reduced to 
a transparent jelly by slow evaporation. 
But a boiling heat decomposes the sili- 
ceous muriate, and the earth is deposited. 
The solution is always acid. 

• Acid (Muriatic, Oxtgeitatsi)). See 
Chlohiitu.* 

* Acid (Muriatic, Oxtgsitized). This 
supposed acid was lately described by M. 
Thenard. He saturated common muriatic 
acid of moderate strength with deutoxide 
of barium, reduced into a soft paste by 
trituration with water. He then precipi- 
tated the barytes from the liquid, by ad- 
ding the requisite quantity of sulphuric 
acid. He next took this oxygenized mu- 
riatic acid, and treated it with deutoxide 
of barium and sulphuric acid, to oxygenate 
it anew. In this way he charged it with 
oxygen as often as 1 5 times. He thus ob - 
tained a liquid acid which contained 32 
times its volume of oxygen at the tempe- 
rature of 68^ Fahr. and at the ordinary 
atmospherical pressure, and only 4J times 
its volume of muriatic acid, which gives 
about 28 equivalent primes of oxygen to 



one of muriatic acid. For the ratio of 
oxygen to the acid, by weight, is 1« to 4.6 ; 
bjut by measure the ratio will be as these 
two numbers respectively divided by the 
specific gravity of the gases, or as t.'Jtt 
to j.4f ir>^^<^^ ^y reduction makes near ; 
Iv one volume of oxygen, equivalent to 
Rmr of muriatic acid. Now, the oxygen 
in the above result, instead of being l-4th 
of the volume of the acid gas, was seven 
times greater, whence we derive the num- 
ber 28. Still more oxygen may however 
be added. On putting Uie above oxygen- 
ized acid in contact with sulphate oi sil- 
ver, an insoluble chloride of this metal 
subsides, and the liquid is oxygenized 
sulphuric acid. When this is passed 
through the filter, muriatic acid ia added 
to it, but in smaller quantity than existed 
in the original oxygenized acid. A quan- 
tity of barytes, just sufficient to precipi- 
tate the sulphuric acid, is then added. In- 
stantly the oxygen, leaving the sulphuric 
acid to unite wiUi the muriatic acid, brings 
that acid to the highest point of oxygena- 
tion. Thus we see that we can transfer 
the whole of the oxygen from one of 
these acids to the other ; and on a little 
reflection it will be evident, that to obtain 
sulphuric acid in the highest degree of 
oxygenation, it will be merely necessary 
to pour baiytes water into oxygenated 
sulphuric acid, so as to precipitate only a 
part of the acid. 

All these operations, udth a little prac- 
tice, may be performed without the least 
difficulty. By combining the two methods 
just described, M. Thenard found that he 
could obtain oxygenized muriatic acid, 
containing nearly 16 times as many vo- 
lumes of oxygen as of muriatic acid, which 
represents about 64 equivalent primes of 
the former to one of the latter. This 
oxygenized acid leaves no residuum when 
evaporated. It is a vety acid, colourless 
liquid, almost destitute of smell, and pow- 
erfully reddens turnsole. When boiled 
for some time, its oxygen is expelled. It 
dissolves zinc without effervescence. Its 
action on the oxide of sihrer is curious. 
These two bodies occasion as lively an ef- 
fervescence as if an acid were poured 
upon a carbonate. Water and a chloride 
are formed, while the oxygen is evolved. 
This oxide enables us to determine the 
quantity of oxygen present in the oxygen- 
ized acid. Pour mercury into a graduated 
glass tube, leaving a small determinate 
space, which must be filled with the above 
acid, invert the tube in mercury, let up 
oxide of silver diffused in water ; instantly 
the oxygen is separated. 

We ought, however, to regard this ap- 
parent oxygenation of the acid, merely 
as the conversion of a portion of its com- | 
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Wned water into deutoxide of hydrogen. 
The same explanation may be extended to 
the other oxygenized acids of M. Thenard. 
See Water.* 

* Acid (Chlohic). We place this acid 
after the muriatic acid, because it has 
chlorine also for its base. It was first eli- 
minated from the salts containing it by M. 
Gay-Liissac, and described by him in his 
admirable memoir on iodine, published in 
the 91st volume of the Annaies de Chitnie, 
When a current of chlorine is passed for 
some time through a solution of barytic 
earth in warm water, a substance called 
hyperoiymuriate of baiytes by its first 
^scoverer, M. Chenevix, is formed, as 
well as some common muriate. The lat- 
ter is separated, by boiling phosphate of 
siWer in the compound solution. The for- 
mermay then be obtained by evaporation, 
in fine rhomboidal prisms. Into a dilute 
solution of this salt, M. Gay-Lussac poured 
weak sulphuric acid. Though he added 
only a few drops of acid, not nearly enough 
to saturate the barytes, the liquid became 
sensibly acid, and not a bubble of oxygen 
escaped. By continuing to add sulphuric 
acid with caution, he succeeded in obtain- 
ing an acid liquid entirely free from sul- 
phuric acid and barytes, and not precij^i- 
tating nitrate of silver. It was chloric acid 
dissolved in water. Its characters are the 
following. 

This acid has no sensible smell. Its so- 
lution in water is perfectly colourless. Its 
taste is very acid, and it reddens litmus 
without destroying the colour. It produces 
no alteration on solution of indigo in sul- 
phuric acid. Light does not decompose it. 
It may be concentrated by a gentle heat, 
without undergoing decomposition, or 
without evaporating. It was kept a long 



ber is however too great, in consequence 
of estimating the specific gravity of oxy- 
gen 1.1111, while M. Gay-Lussac makes it 
1.10359. Chloric acid is at any rate a com- 
pound of 5 primes of oxygen -|- 1 of chlo- 
rine « 5. + 4.43 by Berzelius, or 5. + 
4.45 by Dr. Ure's estimate of the atom of 
chlorine. 

M. Vauquelin, in making phosphate of 
silver act on the mixed saline solution 
above described, tried to accelerate its 
action by dissolving it previously in acetic 
acid. But on evaporating the chlorate of 
barytes so obtained to dryness, and ex- 
posing about 30 grains to a decomposing 
neat, a tremendous explosion took place, 
which broke the furnace, rent a thick 
platina crucible, and drove its lid into the 
chimney, where it stuck. It was the em- 
ployment of acetic acid which occasioned 
this accident, and therefore it ought never ' 
to be used in this way. 

To the precedinp^ account of the pro- 
perties of chloric acid, M, Vau<][ueUn has 
added the following : Its taste is not only 
acid, but astringent, and its odour, when 
concentrated, is somewhat pungent.^ It 
differs from chlorine, in not precipitating 
gelatin. When paper stained with litmus 
is left for some time in contact with it, the 
colour is destroyed. Mixed with muriatic 
acid, water is formed, and both acids are 
converted into chlorine. Sulphurous acid 
is converted into sulphuric, by taking oxy- 
gen from the chloric acid, which is con- 
sequently converted into chlorine. 

Chloric acid combines with the baseSy 
and forms the chlorates, a set of salts for- 
merly known by the name of the h3rperoxy- 
genized muriates. They may be formed 
either directly by saturating the alkali or 
earth with the chloric acid, or by the old 
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diminuti\)n of its quantity. When con- process of transmitting ^Wo^ne through 



quantity, 
centrated, it has something of an oily con- 
sistency. When exposed to heat, it is 
partly decomposed into oxygen and chlo- 
rine, and partly volatilized without altera- 
tion. Muriatic acid decomposes it in the 
same way, at the common temperature. 
Sulphurous acid, and sulphuretted hydro- 
gen, have the same property ; but nitric 
acid produces no change upon it. Com- 
bined with ammonia, it forms a fulminating 
salt, formerly described by M. Chenevix. 
It does not precipitate any metallic solu- 



the solutions of the bases, in Woulfe's 
bottles. In this case the water is decom- 
posed. Its oxygen unites to one portion of 
the chlorine, forming chloric acid, while 
its hydrogen unites to another portion of 
chlorine, forming muriatic acid; and 
hence, chlorates and muriates must be 
contemporaneou«(ly generated, and must 
be afterwards separated by crystalliza- 
tion, or peculiar methods. 



The chlorate of potash, or hyperoxymu- 

^ J. ^ riate, has been long known. When ex- 

tion. It readily dissolves zinc, disenga^ng posed to a red heat, 100 grains of this salt 
hydrofiren; but It acts slowly on mercury, yield 38.88 of oxygen, and are converted 



into the chloride of potassium, or the dry 
muriate. This remainder of 61.12 grains 
consists of 32.19 potassium and 28.93 chlo- 
rine. But 32.19 potassium require 6.50 
oxygen, to form the potash which existed 
if it be called 2.420, as M. Gay-Lussac does in the original chlorate. Therefore, subr 
ii»his memoir, it will then come out 100 tracting this quantity from 38.88, we have 
chlorine + 114,7 oxygen. This last num- 32.38 for the oxygen combined with the 



It cannot be obtained in the gaseous state. 
It is composed of 1 volume chlorine + 
2.5 oxygen, or, by weight, of 100 chlorine 
+ 111.70 oxygen, if we consider the spe- 
cific gravity of chlorine to be 2.4866. But 
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chlorine, cointitiiting 01^1 of chlotk add» 
to38.69ofpoU8h.* 

To its compounds we shall proceed, 
premising', that we are indebted to H. 
Chenevix for the first accurate descrip- 
tion of the chlorates^ or hyperoxymuriates. 

Chlorate, or hyperoxymuriate of potash, 
majT be procured oy receiving chlorine, as 
it IS formed, into a solution of potash. 
When the solution is saturated, it may be 
evaporated gently, and the first crysUls 
produced will be the salt desired, this 
crystallizing before the simple muriate, 
which is produced at the same time with 
it. Its crystals are in shining hexaedral 
laminz, or rhomboidal plates, it is solu- 
ble in 17 parts of cold water ; and, but 
very sparingly, in alcohol. * Its taste is 
cooling, and rather unpleasant. Its speci- 
fic gravity is 2.0. 16 parts of water, at 60**, 
dissolve one of it, and 2i of boiling water. 
The purest oxygen is extracted from this 
salt, by exposing it to a gentle red heat. 
One hundred gnuns yield about 115 cubic 
inches of ras. It consists of 9.45 chloric 
acid -f- 5.95 potash » 15.4, which is the 
prime equivalent of the salt.* It is not de- 
<:omposed by the direct rays of the sun. 
Subjected to distillation in a coated retort, 
it first fuses, and on increasing the hea^ 
gives out oxyg-en gas. It is incapable of 
discharging vegetable colours; but the 
addition of a litde sulphuric acid developes 
this property. So likewise a few grains of 
it, addea to an ounce of muriatic acid, give 
it this property. It is decomposed by the 
sulphuric and nitric acids. If a jfew g^ns be 
dropped into strong sulphuric acid, an of- 
fensive smell is produced, resembling that 
of a brick-kiln, mixed with that of nitrous 
gas s and if the quantity be larg^ enough, 
an explosion will ensue. If the vessel be 
deep, it will be filled with a thick, heavy 
vapour, of a greenish yellow colour, but 
not producing the symptoms of catarrh, 
at least in so viplent a degree as the fumes 
of chlorine. Underneath this vapour is a 
bright orange-coloured fiuid. This vapour 
infiames alcohol, oil of turpentine, cam- 
phor, resin, tallow, elastic gum, and some 
other inflammable substances, if thrown 
into it. If the sulphuric acid be poured 
upon the salt, a violent decrepitation takes 
place, sometimes, though rarely, accom- 
panied by a flash. M. Chenevix attempted 
to disengage the chloric acid from this 
salt, by sulcUng sulphuric acid to it in a re- 
tort ; but almost as soon as the fire was 
kindled, an explosion took place, by which 
a French gentleman present was severely 
wounded, and narrowly escaped the loss 
of an eye. 

The efi*ects of this salt on inflammable 
bodies are very powerful. Rub two grains 
into powder in a mortar, add a grsdn of sul- 
phur, mix them well by gentle trituzation. 



then collect the powder into a heap, and 
press upon it suddenly and forcibly witb 
the pestle, a loud detonation will ensue. 
If the mixture be wrapped in strong pa- 
per, and struck with a hammer, the report 
will be still louder. Five grains of the salt, 
mixed in the same manner with two and a 
half of charcoal, will be inflamed by strong 
trituration, especially if a grain or two of 
sulphur be added, but without much noise. 
If a Utile sugar be mixed with half its 
weight of the chlorate, and a Uttle strong 
sulphuric acid poured on it, a sudden and 
vehement inflammation will ensue; but 
this experiment requires caution, as well 
as the toUowing. To one grain of the pow- 
dered salt in a mortar, add half a grain of 
phosphorus, it will detonate, with a loud 
report, on the gentlest trituration. In this 
experiment the hand should be defended 
by a glove, and great care should be taken 
that none of the phosphorus get into the 
eyes. Phosphorus may be inflamed by it 
under water, by putting into a wine glass 
one part of phosphorus and two of the chlo- 
rate, nearly filling the glass with water, 
and then pouring in through a glass tube 
reaching to the bottom, three or four 
parts of sulphuric acid. This experiment, 
too, is very hazardous to the eyes. If 
olive or linseed oil be taken instead of 
phosphorus, it may be inflamed by umilar 
means on the surface of the water. This 
salt should not be kept mixed with sul- 
phur, or perhaps any inflammable sub- 
stance, as in this state it has been known 
to detonate spontaneously. As it is the 
common effect of mixtures of this salt with 
inflammable substances of every kind, to 
take fire on being proj'ectedinto the stron- 
ger acids, M. Chenevix tried the experi- 
ment with it mixed with diamond powder 
in various proportions, but without success. 

Chlorate of soda maybe prepared in 
the same manner as the preceding, by sub- 
stitutinp^ soda for potash ; but it is not easy 
to obtam it separate, as it is nearlj^ as so- 
luble as the muriate of soda, requiring on- 
ly 3 parts of cold water. * Vauquelin 
formed it, by saturating chloric acid with 
soda ; 500 parts of the diy carbonate yield- 
ing 1 100 parts of crystallized chlorate. It 
consists of 3.95 soda -(- 9.45 acid »> 13.4, 
which is its prime equivalent* It crystal- 
lizes in square plates, produces a sensation 
ofcoldinthe mouth, and a saline taste; 
is slightly deliquescent, and in its other 
properties resembling the chlorate of pot- 
ash. 

Barytes appears to be the next base in 
order of affinity for this acid. The best 
method of forming it is to pour hot water 
on a large quantity of this earth, and to 

Eass a current of chlorine through the 
quid kept warm, so that a fre^ portion 
of barytes may be taken up as the former 
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is saturated. This salt is soluble m about 
four parts of cold water, and less of warm, 
and ci-ystallizes like the ample muriate. 
It may be obtained, however, by the agen- 
cy of double affinity ; for phosphate of 
alver boiled in the solution will decom- 
pose the simple muriate, and the muiiate 
of silver and phosphate of barytes being 
insoluble, will both fall down and leave 
the chlorate in solution alone. The phos- 
phate of silver employed in this process 
must be perfectly pure, and not the least 
contaminated with copper. 

The chlorate of strontites may be obtain- 
ed in the same manner. It is deliquescent, 
melts immediately in the mouth and pro- 
duces cold; is more soluble in alcohol 
than the simple muriate, and crystallizes 
in needles. 

The chlorate of lime, obtained in a si- 
milar way, is extremely deliquescent, li- 
quefies at a low heat is very soluble in 
^cohol, produces much cold in solution* 
and has a sharp bitter taste. 

Chlorate of ammonia is formed by dou- 
ble affinity, the carbonate of ammonia de- 
composing the earthj^ salts of this genus, 
giving up its carbonic acid to their base, 
and combining with their acid into chlo- 
rate of ammonia, which may be obtained 
b) evaporation. It is very soluble both in 
water and alcohol, and decomposed by a 
moderate heat. 

The chlorate of magnesia much resem- 
bles that of lime. 

To obtain chlorate of alumina, M. Chene- 
vix put some alumina, precipitated from 
the muriate, and well washed, but still 
moist,intoa Woulfe's apparatus, and treat- 
ed it as the other earths. The alumina 
shortly disappeared ; and on pouring sul- 
phuric acid into the liquor, a strong smell 
of chloric acid was perceivable ; but on at- 
tempting to obtain the sah pure by means 
of phosphate of silver, the whole was de- 
composed, and nothing but chlorate of 
silver was found in the solution. M. Chene- 
vix adds, however, that the aluminous salt 
appears to be very deliquescent, and so- 
luble in alcohol. 

* Acid (Perchloric). If about S parts of 
sulphuric acid be poured on one of chlo- 
rate of potash in a retort, and after the 
first violent action is over, heat be ^du- 
ally applied, to separate the deutoxide of 
chlorine, a saline mass will remain, con- 
sisting of bisulphate of potash and per- 
chlorate of potash. By one or two crystal- 
lizations, the latter salt may be separated 
from the former. It is a neutral salt, with 
a taste somewhat similar to the common 
muriate <xf potash. It is very sparingly so- 
luble in cold water, nnce at 60S only 77 
is dissolved ; but in boiling water it is more 
soluble. Its crystals are elongated octahe- 
drons. It detonates feebly when triturated 



wkh sulphur in a mortar. At the heat of 
412^ it is resolved into oxygen and muri- 
ate of potash, in the proportion of 46 of 
the former to 54 of the latter. Sulphuric 
acid, at 280**, disengages the perchloric 
acid. For these facts science is indebted 
to Count Von Stadion. It seems to consist 
of 7 primes of oxygen, combined with 1 of 
chlorine, or 7.0 ^- 4.45. These curious 
discoveries has been lately verified by Sff 
H. Davy. The other perchlorates are not 
known. 

Before leaving the acids of chlorine, we 
shall describe the ingenious method em- 
ployed by Mr. Wheeler to procure chloric 
acid from the chlorate of potash. He mix- 
ed a warm solution of this salt with one of 
fluosilicic acid. He kept the mixture mo- 
derately hot for a few minutes, and to en^ 
sure the perfect decomposition of the sall^ 
added a slight excess <» the acid.. Aque- 
ous solution of ammonia will show, by the 
separation of sihca, whether any of the 
fiuosilicic acid be left after the decompo- . 
sition of the chlorate. Thus we can effect 
its complete decomposition. The mixture 
becomes turbid, and fluosilicate of potash 
is precipitated abundantly in the form of 9. 
gelatinous mass. The supernatant liquid 
will then contain nothing but chloric acid, 
contaminated with a smiOl quantity of fluo- 
silicic. This may be removed by the cau- 
tious addition of a small quantity of solu- 
tion of chlorate. Or after filtration, the 
whole acid may be neutralized by carbo- 
nate of barytes, and the chlorate of that 
earth being obtained in crystals, is employ- 
ed to procure the acid, as durected by H. 
Gay-Lussac* 

Acid (Nitric.) The two principal con« 
stituent parts of our atmosphere, when in 
certain proportions, are capable, under 
particular circumstances, of combining 
chemically into one of the most powerful 
acids, Uie nitric. If these gases be mixed 
in a proper proportion in a glass tube about 
a line in diameter, over mercujy, and a se- 
ries of electric shocks be passed through 
them for some hours, they will form nitric 
acid; or, if a solution of potash be present 
with them, nitrate of potash will be obtain- 
ed. The constitution of this acid may be 
further proved, analytically, by driving it 
through a red hot p'orceliun tube, as thus 
it will be decomposed into oxygen and ni- 
trogen gases. For all practical purposes, 
however, the nitric acid is obtained from 
nitrate of potash, from which it is expelled 
by sulphuric acid. 

Three parts of pure nitrate of potash,f 
coarsely powdered, are to be put into a 
glass retort, with two of strong sulphu- 

f Deprived of its water of ciystalliza- 
tion by neating it nearly red hot in an iron 
pan* 
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ric acid This must be cautiouBly added, 
taking care to avoid the fumes that arise. 
Join to the retort a tubulated receiver of 
lar^e capacity, with an adopter interposed, 
and lute the junctures with glazier's put- 
ty. In the tubulure fix a glass tube, ter- 
minating in another large receiver, in 
which is a small quantity oif water; and, if 
^ou wish to coUect the g^eous products, 
et a bent glass tube from this receiver 
communicate with a pneumatic trough. 
Apply heat to the retort by means of a 
sand bath. The first product that passes 
into the receiver is generally red and fu- 
ming; but the appearances gradually di- 
minish, till the acid comes over pale, and 
even colourless, if the materials used were 
clean. After this it again becomes more 
and more red and fuming, till the end of 
the operation ; and the whole mingled to- 
gether will be of a yellow or orange colour. 
• Empty the receiver, and again replace 
it. Then introduce by a smaU funnel, ve- 
ry cautiously, one part of boiling water in 
a slender stream, and continue the distilla- 
lion. A small quantity of a weaker acid 
will thus be obtained, which can be kept 
apart. The first will have a specific g^- 
vity of about 1.500, if the heat have been 
properly regulated, and if the receiver was 
refrigerated by cold water or ice. Acid 
of that density, amounting to two-thirds of 
the weight of the nitre, may thus be pro- 
cured. But commonly the heat is pushed 
too high, whence more or less of the acid 
is decomposed, and its proportion of water 
uniting to the remainder, reduces its 
strength. It is not profitable to use a 
smaller proportion of sulphuric acid, when 
a concentrated nitric is required. But 
when only a dilute acid, called in com- 
merce aquafortis, is required, then less 
sulphuric acid will suffice, provided a por- 
tion of water be added. One hundred 
parts of good nitre, sixty of strong sulphu- 
ric acid, and twenty of water, form econo- 
mical proportions.* 

In the large way, and for the purposes 
of the arts, extremely thick cast iron or 
earthen retorts are employed, to which an 
earthen head is adapted, and connected 
with a range of proper condensers. The 
strength of the acid too is varied, by put- 
ting more or less water in the receivers. 
The nitric acid thus made generally con- 
tains sulphuric acid, and also muriatic, 
from the impurity of the nitrate employed. 
If the former, a solution of nitrate of bary- 
tes will occasion a white precipitate ; if 
the latter, nitrate of silver will render it 
milky. The sulphuric acid may be sepa- 
rated by a second distillation from very 
pure nitre, equal in weight to an eighth 
of that originally employed; or by preci- 
pitating with nitrate of barytes, decanting 
the clear liquid, and distilling it. The mu- 



riatic acid may be separated by proceed- 
ing in the same way with nitrate of silver, 
or with litharge, decanting the clear li- 
quor, and re-distilling it, leaving an eighth 
or tenth part in tiie retort. The acid for 
the last process should be condensed as 
much as possible, and the re-distillation 
conducted very slowly; and if it be slop- 
ped when half is come over, beautifiil crys- 
tals of muriate of lead will be obtained on 
cooling the remainder, if litharge be used, 
as M. Steinacher informs us; who also 
adds, that the vessels should be made to 
fit tight by grinding, as any lute is liable 
to contammate the product. 

As this acid still holds in solution more 
or less nitrous gas, it is not in fact nitric 
acid, but a kind of nitrous : it is therefore 
necessary to put it into a retort, to which 
a receiver is added, the two vessels not 
being luted, and to apply a very gentle 
heat for several hours, changing the re- 
ceiver as soon as it is filled with red va- 
pours. The nitrous gas will thus be ex- 
pelled, and the nitric acid will remain in 
the retort as limpid and colourless as wa- 
ter. It should be kept in a bottle secluded 
from the light, otherwise it will lose part 
of its oxygen. 

What remains in the retort is a bisul- 
phate of potash, from which the superflu- 
ous acid may be expelled by a pretty strong 
heat, and the residuum, being dissolved 
and crystallized, will be sulphate of potash. 
As nitric acid in a fluid state is always 
mixed with water, different attempts have 
been made to ascertain its strength, or the 
quantity of real acid contained in it. Mr. 
Kirwan supposed, that the nitrate of soda 
contained the pure acid undiluted with wa- 
ter, and thus calculated its strength from 
the quantity requisite to saturate a given 
portion of soda. Sir H. Davy more recent- 
ly took the acid in the form of gas as the 
standard, and found how much of this is 
contained in an acid of a given specific 
gravity in the liquid state. 

* Mr. Kirwan gave 68 as the quantity of 
real acid in 100 of the liquid acid of speci- 
fic gravity 1.500; Sir H. Davy's determi- 
nation was 91; Dr. Wollaston's, as infer- 
red from the experiments of Mr. R. Philips, 
73 ; and Mr. Dalton's corrected result from 
Kirwan's table, was 68. In this state of 
discordance Dr. Ure perfonned a series of 
experiments, with the view of determining 
the constitution of liquid nitric acid, and 
published an account of them, with some 
new tables, in the fourth and sixth vo- 
lumes of the Journal of Science and the 
Arts. 

From regular prisms of nitre, he procur- 
ed by slow distillation, with concentrated 
oil of vitriol, nitric acid; which by the tests 
of nitrates of silver and of barytes, was 
found to be pure. Only the first portion 
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that came over was employed for the ex* 
periments. It was nearly colourless, and 
nad a specific g^vity of 1.500. A re-dis- 
tilled and colourless nitric acid, prepared 
in London, was also used for experiments 
of verification, in estimating the quantity 
ef dry acid in liquid acid of a known den- 
sity. 

The above acid of 1.500 being mixed in 
numbered phials, with pure water, in the 
different proportions of 95 + 5, 90 + 10, 
80+20, &c. he obtained, after due agita- 
tion, and an interval of 24 hours, liquids 
whose specific gravities, at 60** Fahren- 
heit, were determined by means of an ac- 
curate balance, with a narrow-necked glass 
globe of known capacity. By conndering 
the series of numbers thus obtained, he 
discovered the geometrical law which re- 
gulates them. The specific gravity of di- 
lute acid, contiuning 10 parts in the 100 of 
that whose density is 1.500, is 1.054. Ta- 
king this number as the root, its successive 
powers will give us the successive densi- 
ties, at the terms of 20, 30, 40, &c. per 
cent. Thus 1.054* =- 1.111 is the speci- 
fic gravity corresponding to 20 of the strong 
liquid acid -f 80 water; 1.0543 . 1.171 
is that for SO per cent, of strong acid; 
1.0544 =« 1.234 is the specific gravity at 
40 per cent. The specific ^vities are 
therefore a series of numbers in geometri- 
cal progression, corresponding to the terms 
of dilution, another series in arithmetical 
prog^ssion, exactly as he had shown in the 
7th number of the Journal of Science with 
regard to sulphuric acid. Hence if one 
term be given, the whole series may be 
found. On uniting the strong acid with 
water, a considerable condensation of vo- 
lume takes place. The maonmum conden- 
sation occurs, when 58 of acid are mixed 
with 42 of water. Above this point, tlie 
curve of condensation has a contrary flex- 
ure; and therefore a small modification 
must be made on the root 1.054^ in order 
to obtain with final accuracy, in the higher 
part of the range, the numerical powers 
which represent the specific .gravities. 
The modification is however very simple. 
To obtain the number for 50 per cent, the 
root is 1.053 ; and for each decade up to 
70, the root must be diminished by 0.002. 
Thus for 60, it will become 1.051, and for 
70, 1.049. Above this we shall obtain a 
precise correspondence with experiment, 
up to 1.500 sp. gravity, if for each succes- 
sive decade we subtract 0.0025 from the 
last diminished root, before rausing it to the 
desired power, which represents the ^cr 
centage of lic][uid acid. 

It is established by the concurring ex- 
periments of Sir H. Davy and M. Gay-Lus- 
sac, that dry nitric acid is a compound of 
2^ volumes of oxygen combined with 1 
of nitrogen; of which the weights are 
^.S X 1.111 « 2.777 for the proportion of 



oxygen, and 0.9/22 for that <^ nitrogeo; 
and in 100 parts, of 73^ of the former -f- 
263 of the latter. But nitrogen combines 
with several inferior proportions ot oxy- 
gen, which are all multiples of its prime 
equivalent 1.0; and tlie present compound 
is exactly represented by making 1 prime 
of nitrogen — 1.75, and 5 of oxygen — 
5.0 ; whence the acid prime is the sum of 
these two numbers, or 6.75. Now this re- 
sult deduced from its constituents, coin- 
cides perfectly with that derived from the 
quantity in which this acid saturates defi- 
nite quantities of the salifiable bases, pot- 
ash, soda, lime, &c. There can be no 
doubt, therefore, that the prime equiva- 
lent of the acid is 6.75 ; and as little that 
it consists of 5 parts of oxyg^en and 1.75 of 
nitrogen. Possessed of these data, we may 
perhaps see some reason why the greatest 
condensation of volume, in diluting strong 
liquid acid, should take place with 58 of 
it, and 42 of water. Since 100 parts of 
acid of 1.500 contain, by Dr. Ure'is expe- 
riments, 79.7 of dry acid, therefore acid of 
the above dilution will contain 46 dry acid, 
and 54 water ; or reducing the numbers to 
prime proportions, we have the ratio of 
6.75 to 7.875, being that of one prime of 
real acid to 7 primes of water. But we 
have seen that the real acid prime, is made 
up of 1 of nitrogen assodated by chemical 
affinity with 5 of oxygen. Now imanne 
a figure, in which the central prime 01 ni- 
trogen is surrounded by 5 of oxygen. To 
the upper and under surface of the nitro- 
gen let a prime of water be attached ; and 
one also to each of the primes of oxygen. 
We have thus the 7 primes distributed in 
the most compact and symmetrical man- 
ner. By this hypothesis^ we can understand 
how the elements of acid and water may 
have such a collocation and proportion, as 
to g^ve the utmost efficacy to their reci- 
procal attractions, whence the maximum 
condensation will result A striking analo- 
gy will be found in the dilution of sulphu- 
ric acid. 

If on 58 parts by weight of acid of 
1.500, we pour cautiously 42 of water in a 
graduated measure, of which the whole 
occupies 100 divisions, and then mix them 
intimately, the temperature will rise from 
60** to 140**, and after cooling to 60<> again, 
the volume will be found only 92.65. No 
other proportion of water and acid causes 
the evolution of so much heat. When 90 
parts of the strong acid are united with 10 
qL water, 100 in volume become 97 ; and 
^en 10 parts of the same acid are com- 
bined with 90 of water, the resulting vo- 
lume is 98. It deserves notice, that 80 of 
acid + 20 water, and 30 of acid + 70 wa- 
ter, each g^ves a dilute acid, whose degree 
of condensation is the same, namely, 100 
measures become 94.8. 
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TABLE of Nitric Acid, by Dr. Vn. 
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The column of dry acid shows the weight 
which any salifiable ba.se would g^n, by 
iimting with 100 parts of the liquid acid 
of the correspondinjr specific gravity. 
But it may be proper here to observe, that 
Sir H. Davy, in extending his views rela- 
tive to the constitution of the dry muriates, 
to the nitrates, has suggested that the 
latter when dry may be considered as 
consisting, not of a dry nitric acid com- 
bined wiUi the salifiable oxide, but of 
the oxygen and nitrogen of the nitric 
acid with the metal itself in triple union. 
A view of his reasoning will be found 
under the article Salt. He regan Is liquid 
nitric acid at its utmost density as a com- 
pound of 1 prime of hydrogen, 1 of nitro- 
gen, and 6 of oxygen.* 

The strongest acid that Mr. Kirwan 
could procure at 60^ was 1.5543; but 
Rouelle professes to have obtained it of 
1.583. 

Nitric acid should be of the specific 
gravity of 1.5, or a little more, and colour- 
fess. 

* That of Mr. Kirwan seems to ha^ 
consisted of one prime of real acid and 
one of water, when the suitable coiTec 
tions are made ; but no common chemical 
use requires it of such a strength. The 
Ibllowing table of boiling points has been 
l^ven by Mr. Dalton. 



Acidofsp.gr. 1.50 boils at 210<> 
1.45 240 

1.42 248 

1.40 247 

1.35 242 

1.30 S3S 

1:20 226 

1.15 219 

At 1.42 specific gravity it distils unalter- 
ed. Stronger acid than that becomes 
weaker, and weaker acid stronger, by 
boiling. When the strong acid is cooled 
down to— 60S it concretes, by slight 
agitation, into a mass of the consistence of 
butter. 

This acid is eminently corroave, and 
hence its old name of aguafortis. Its taste 
is sour and acrid It is a deadly poison 
when introduced into the stomach in a 
concentrated state ; but when greatly 
diluted, it may be swallowed without 
inconvenience. It is often contaminated, 
through negligence or fraud in the manu- 
facturer, with sulphuric and muriatic acids. 
Nitrate of lead detects both, or nitrate of 
barytes may be employed to determine 
the quantity of sulphuric acid, and nitrate 
of silver that of the muriatic. The latter 
proceeds from the crude nitre usually 
containing a quantity of common salt.* 

When it is passed through a red hot 
porcelain tube, it is resolved into oxygen 
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and nilYogen, in the proportion ibore 
stated. It retains its oxygen with little 
force, so that it is decomposed by all 
eombostible bodies. Brought into contact 
withhydrospen gas at a high temperature, 
a violent detonation ensues, so that this 
must not be done without great caution. 
It inflames essential oils, as those of tur- 
pentine and cloves, when suddenly poured 
on them ; but, to perform this experiment 
with safety, the acid must be poured out 
of a bottle tied to the end of a long stick, 
otherwise the operator's face and eyes 
will be greatly endangered. If it be 
poured on perfectlpr dry charcoal powder, 
h excites combustion, with the emission 
cf copious fumes. By boiling it with 
salphor it is decomposed, and its oxygen, 
uniting with the sulphur, forms sulphuric 
acid. Chemists in general agree, that it 
acts veiy powerfully on almost all the 
metals ; but Baum^ has asserted, that it 
will not dissolve tin, and Dr. Woodhouse 
of Pennsylvania affirms, that in a highly 
concentrated and pure state it acts not at 
all on silver, copper, or tin* though, with 
the addition of a httle water, its action on 
them is very powerful. 

* Proust has ascertained, that acid having 
the specific gravity 1.48, has no more ac- 
tion on tin than on sand, while acid some- 
what stronger or weaker acts furiously on 
the metal. Now, acid of 1.4S5, by Dr. 
Ure's table, consists of one prime of real 
acid united with two of water, constituting, 



CoLoua. 


Rial Acid. 


Pale yellow 


90.5 


Bright yellow 


88.94 


Dark orange 


86.84 


Light olive 


86.0 


Dark olive 


85.4 


Bright green 


84.8 


Blue green 


84.6 



But these colours are not exact indica- 
tions of the state of the acid, for an addition 
of water will change the colour into one 
lower in the sctUe, so that a considerable 
portion of water will change the dark 
orange to a blue green. 

The nitric acid is of considerable use in 
the arts. It is employed for etching on 
copper ; as a solvent of tin to form with 
that metal a mordant for some of the finest 
dyes ; in metallurgy and assaying ; in va- 
rious chemical processes, on account of 
the facility with which it parts with oxy- 
gen and dissolves metals ; m medicine as 
a tonic, and as a substitute for mercurial 
preparations in syphilis and affections of 
the liver; as als* in form of vapour to de- 
stroy contagion. For the purposes of the 
arts it is commonly used in a diluted state, 
and contaminated with the sulphuric and 
muriatic acids, by the name of aquafjttii. 
This is generally prepared by mixing 
Vol.. I. [ 10 ] 



it would thus appear, a peedliaiiy power- 
ful combination. 

Acid which Ukes up AVvt^s of iti 
weight of marble, freezes, according to 
Mr. Cavendish, at— 2*', When it can dis- 
solve yWff* it requires to be cooled to— 
41^.6 before congelation; and when so 
much diluted as to take up only AVv» ** 
congjeals at— 40o.J. The first has a 
specific gravity of 1.330 nearly, and con- 
Ksts of 1 prime of dry acid -f- 7 of water; 
the second has a specific gravity of 1.420, 
and contains exactly one prime of dry 
acid + four of water ; while the third has 
a specific gravity of 1.215, consisting of 
one f)rime of acid + 14 of water. We 
perceive, that the liquid acid of 1.420, 
composed of 4 primes of water -j- one of 
diy acid, possesses the greatest power of 
resisting the influence of temperature to 
change its state. It re(][uires the maximum 
heat to boil it, when it distils unchanged; 
and the maximum cold to effect its con- 
gelation.* 

It has already been observed, that the 
nitric acid, when first distilled over, holda 
in solution a portion of nitric oxide, which 
is greater in proportion as the heat ha» 
been urged toward the end, and much 
increased by even a small portion of in- 
flammable matter, should any have been 
present. The colour of the acid, too, is 
afTected bv the quantity of nitric oxide it 
holds, and SirH. Davy has given us the 
following table of proportions answering 
to its different hues. 



NiTaxcOxini. 


Watm. 


1.2 


8.3 


2.96 


8.10 


SM 


r.6 


6.45 


7,SS 


r.i 


7.5 


77S 


7.44 


8. 


7.4 



common nitre with an equal weight oT 
sulphate of iron, and half its weight of the 
same sulphate calcined, and distilling the 
mixture ; or by mixing nitre with twice 
its weight of dry powdered clay, and dis- 
tilling in a reverberatory furnace. Two 
kinds are found in the shops, one called 
dmible aqfuc^artU^ which is about half the 
strength of*^ nitric acid ; the other simply 
aquafortis, which is half the strength of 
the double. 

A compound made by mixing two parts 
of the nitric acid with one of muriatic, 
known formeriy by the name of aqua 
regioj and now by that of mtro-nmriatic 
acidf has the property of dissolving gold 
and platina. On mixing the two acids, 
heat is given out, an eftervescence takes 
place, and the mixture acquires an orange 
colour. This is likewise made by adding 
gradually to an ounce of powdered muriate 
of ammonia, four ounces of double aquft- 
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fiiiti% Mid liieepinir the mbtue in ft I 

heat t3I the salt is ^ssohred; taking care 
to avoid the fumes as the ressel must be 
left open i or by distilling nitric acid with 
an equal wei^i or rather more, of com- 
mon salt. 

* On this subject we are indebted to 
Sir H. Darjr for some excellent observa- 
tions, published by him in the first volume 
of Uie Journal of Science. If strong nitrent 
acid, saturated with nitrous gai^ be mixed 
with a saturated solution of muriatic acid 
ra, no other effect is produced than might 
be expected from the action of nitrous 
susid of the same strenrth on an eoual 
quantity of water ; and the mixed acid so 
formed has no power of action on gold or 
platina. Again, if muriatic add gas, and 
nitrous gas in equal volumes, be mixed 
timther over mercury, and half a volume 
of oxygen be added, Uie immediate con* 
densation wiH be more than mijght be ex* 
pected from the formation of nitrous acid 
gas. And when this is decomposed, or 
S>sorbed b^ the mercury, the muriatic 
acid f;as is found unaltered, suxed with a 
certain portion of nitrous gas. 

It appears then that m^rouff add, and 
muriatic acid gas^ have no chemical action 
on each other. J£coburle99 nUric acid, and 
muriatic acid of commerce, be mixed to- 
gether, the mixture imme^tely becomes 
yellow, and guns the power of dissolving 
gold and platinum. If it be gentlv heatecQ 
pure chlorine arises from i^ ana the co- 
tour becomes deeper. If the heat be lon- 
ger continued, chlorine still rises, but mix- 
ed with nitrous acid gas! When the pro- 
cess has been very lone continued till the 
colour becomes yeiy deep, no more chlo- 
rine can be procured, and it loses its power 
of acting upon platinum and gold. It is 
now mtroua and muriatic add. It appeara 
then from these observations, which have 
been veiy often repeated, that nitro-mu- 
riatic acid owes its peculiar properties to 
a mutual decomposition of tne nitric and 
muriatic acids ; and that water, chlorine, 
and nitrous acid gas, are the results. 
Though nitrous gas and chlorine have no 
aetion on each omer when perfectlv dry, 
yet if water be |)re8eBt there is an imme- 
diate decomposition, and nitrous add and 
muriatic add are formed. 118 parts of 
strong liquid nitric acid bdng decompos- 
ed in this case, yield 67 of chlorine. Aqua 
vegia does not oxidize gold and platma. 
It merefy causes their combination wiA 
cWwine. 

A bath made of iutro.muriatic add, £• 
luted so much as to taste no sourer than 
vinegnir, or of such a strength as to prick 
the skin a little, after being exposed to it 
for twenty minutes or half an hour, has 
been introduced by Dr. Scott of Bombay 
asaremcdyin doonic syphilii^ *ysriety 



cf ulcere sad diseases of the aki% chronic 
hepatitis, bilious dispositions, ^neral de- 
bihty, and languor. He considers every 
trial as quite inconclusive, where a ptyalism, 
some affection of the gums, or some very 
evident constituti<mal effect, has not arisen 
from it. The internal use of the same acid 
has been recommended to be conjoined 
with that fA the partial or general bath.* 

With the different bases the nitric acid 
forms nitrates. 

The nitrate of barytes, when perfectly 
pure, is in regular octaiidral crystals, 
though it is sometimes obtained in small 
shining scales. It may be prepared by 
uniting barytes directly with nitric mcid^ 
or by decomposing the carbonate or sul- 
phuret of barytes with this acid Exposed 
to heat it decrepitates, and at length gives 
out its add, which is decompose i but if 
the heat be urged too far, the barytes is 
apt to vitrify witn the earth of the cruci- 
ble. It is soluble in 12 parts of cold, and 
3 or 4 of boiling water. It is said to exist 
in some minenJ waters. * It conaisls of 
6.r5 add + 9.75, or 9.7 base.* 

The nitrate of potash is the salt well 
known by the name of mfre or •oUpetre, 
It is found ready formed Un the £ast In- 
dies, in Spain, in the kingdom of Naples^ 
and elsewhere, in donridetable quantities ; 
but nitrate of lime is still more abundant. 
Far the greater part of the nitrate made 
use of is produced by a combination of 
circumstances which tend X» vstafosit and 
condense nitric acid. This add appears 
to be produced in all situations, where 
animal matters are completely decompos- 
ed, with access of air and of proper sub- 
stances with which it can readdy combine. 
Grounds frequently trodden by cattie and 
impregnated with their excrements, or 
the walls of inhabited places where putrid 
animal vigours abound, such as slaughter- 
houses, drains, or the like, afford nitre by 
long exposure to the air. Artificial nitre 
be£ are made by an attention to the cir- 
cumstances in which this salt is produced 
by nature. Dry ditches are dug, and co- 
vered with shed^ open at the ndes, to 
keep off the rain : these are filled with 
ax^mal substances — such as dung, or other 
excrements, with the remuns of vegeta- 
bles, and old mortar, or other loose calca- 
reous earth ; this substance being found 
to be the best and most convenient recep- 
tacle for the add to combine with. Occa- 
sional watering, and turning up from time 
to time, are necessarv, to accelerate the 
process, imd increase the surfaces to which 
me air may spply ; but too much moisture 
is hurtful. Wnen a certain portion of ni- 
trate is formed, the process appears to go 
on more quickly; but a certain quantity 
stops it altogether^ and after this cessation 
the materials will go on to furnish more. 
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if WBSfc 18 lufinra be 6ztnict6d by lixiTuU 
tion. After a tucceflston of many mondba^ 
more or less, aocoiding to the mana^- 
ment of the opeiationy in which the action 
of a regular eonent of fresh air is of the 
greatest importance, nitre is found in the 
mass. If the beds contained much vere* 
table matter, a considerable portion of 3ie 
nitrous salt will be common saltpetre, 
but, if otherwise, the acid wiB, for the 
most part, be combined with the calca- 
reous earUi. * It consists of 6.75 acid + 
5.95 potash.* 

To extract the saltpetre from the mass 
of earthy matter, a number of large casks 
are prepared, with a cock at the bottom 
of each, and a quantity <^ straw within, to 
prevent its being stopped up. Into these 
the matter is put, tc^ther with wood- 
ashes, either strewed at top, or added 
during the filling. Bcnling water it then 
poured on, and suffered to stand for some 
time; after which it is drawn off, and 
other water added in the same manner, 
as long as any saline matter ean be thus 
extracted. The weak brine is heated, nod 
passed through other tubs, until it be- 
comes of considerable strength. It is then 
carried to the boiler, and contuns nitre 
and other salts ; the chief of which is com* 
mon culinary salt, and sometimes muriate 
of magnesia. It is the property of nitre 
ta be much more soluble in not than cold 
water ; but common salt is veiy nearly as 
soluble in cold as in hot water. Mlien- 
ever, ^erefore, the evaperatioo is carried 
by b^Hng to a certain point, much of the 
common salt win foil to the bottom, ft>r 
want of water to hold it in solution, though 
tiie mtM will remain suspended by virtue 
of the heat. The common salt thus sepa- 
rated ia taken out with a petfented lacUe* 
and a small quantity of tiie fluid is cooled, 
from time to time, that its ooaeentration 
may be known by the nitre which erjrstat- 
fizes in it. When the fluid ia sdBciently 
evaporated, it is taken out and cooled* and 
great pwt of the mtre separates in crys- 
tals ; while the remaining common sdt con- 
tinues dissolved, because equally soluble in 
cold and iahot water. Subsequent evmporft- 
6on of the rendue win separate more nitre 
in the same manner. * By the suggestion 
of LAvoisier, a much simpler plan was 
adopted; rediidng the crude nitre to 
powder, and washing it twice with water.* 

Thia nitre, which is called nitre of the 
first boifing) eentains some common salt ; 
from which it may be purified by solution 
in a smaH quantity of water* dad subse- 
quent evapotntion ; for the crystals thus 
Obtained are much less contaminated with 
common salt than before; because the 
proportion of water is so much larger, 
with respeet to the smaU quantity con- 
tuned by the nitre* that very little of it 



wiS erystalfize. For idee ptirposes, the 
solution and crystallization of nitre ai« 
repeated four times. The crystals of nltr^ 
are usually of the formof ox-mded flatten- 
ed prisms, with diedral summits. Its taste 
M penetrating; but the cold produced by 
placing the salt to dissolve in the mouth 
IS such as to predominate over the real 
taste at first. Seven parts (rf water dis- 
solve two of nitre, at the temperature of 
sixty degrees; but boiling water (fissolves 
ite own weight. 100 parts of alcohol, at a 
heat of 176^, dissolve only 2.9. 

On being exposed to a g^ntie heat, mtre 
fiises; and in tnis state being poured into 
moulds, so as to form littie round cakes, 
lor balls, it is caUed 9al prunella, or crystal 
fmneral. This at least is the way in which 
thia salt is now usually prepared, conforma- 
bly to the directions of Boerhaave ; though 
in most dispensatories |i twenty-fourth 
part of sidphur was directed to be defla- 
grated on the nitre before it was poured 
out. This sah should not be left on the 
fire after it has entered into fiiuon, other- 
wise it win be converted into a nUrite o£ 
potash. If the heat be increased to redp 
ness, the acid itself is decomposed, and m 
considerable quantity of tolerably pure 
oxygen gas is evolved, succeeded by ni- 



sah powerfidlv promotes the com* 
bustion of inflammable substances. Two 
or three parts mixed with one of charcoal* 
and set on fire, bum rapidly; azote and 
cari>onic acid fas are given out, and a 
man portion of the latter is retained by 
the alKaline residuum, which was former^ 
caUed c/ytnit o/m'^re. Three parts of nitre* 
two of subcarbonate of potash, and one or 
sulphur, mixed together in a warm mor- 
tar* form the fiamhuuing pvwderf a smidl 
quantity of which* liud on a fire-diovel^ 
and hdd over the fire tin St begins to 
melt* explodes with a loud sharp nmse, 
Ifixed with sulphur and charcoal* it foims 
gTtnpirmder, See GwrewBan. 

Three parts of nitre, one of anlphor* 
and one or fine saw-dust, weU mixed, con- 
stitute what is caUed the powder of fbsion. 
If a bit of base copper be folded up and 
covered with this powder in a walnut* 
diel]* and the powder be set on fire with a 
fighted paper, it win detonate rapidly* 
and fuse tne metal into a globule of siu- 
phuret* witiiout burning the sheU. 

If nitrate of potash be heated in a retort 
with half its weight of solid phosphoric or 
bmacic acid, as soon as this acid begins to 
enter into fiision, it combines with the pot- 
adi, and the nitric acid is expeUed, ac- 
companied with a smaU portion of oxygen 
gad and lutric oxide. 

Silex, alumina, and barytes, decompose 
this salt in a high temperature by uniting 
with its base. The alumina win effect 
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ttoB eren after it W been made into 
lottery. 

The uses of nitre are various. Beside 
those abeady indicated, it enters into the 
composition of fluxes, and is extensively 
employed in metallurgy ; it serves to pro- 
mote the combustion of sulphur in fabri- 
cating its acid ; it is used in the art of 
dyeing; it is added to common salt for 
preserving meat, to which it gives a red 
hue ; it is an ingredient in some frigoriiic 
mixtures ; and it is prescribed in medi- 
cine, as cooling, febrifuge, and diuretic ; 
and some have recommended it mixed 
with vinegar as a very powerful remedy 
for the sea scurvy. 

Nitrate of soda, formerly called cubic or 
quadrangular nitre, approaches in its pro- 
perties to the nitrate of potash ; but dif- 
fers from it in being somewhat more solu- 
ble in cold water, though less in hot, which 
takes up little more than its own weight ; 
in being inclined to attract moisture from 
the atmosphere; and in crystallizing in 
rhombs, or rhomboidal prisms. It may be 
prepared by saturating soda with the ni- 
tric acid ; by precipitating nitric solutions 
of the metals, or of the earths, except 
barytes, by soda ; by hxiviating and crys- 
tallizing the residuum of common salt dis- 
tilled with three-fourths its weight of ni- 
tric acid; or by saturating the mother 
waters of nitre with soda instead of potash. 

This salt has been considered as use- 
less i but professor Proust says, that five 
parts of it, with one of charcoal and one o( 
sulphur, will bum three times as long as 
common powder, so as to form An econo^ 
mical composition for fire-works. *lt con- 
sists of 6.75 acid + 3.95 soda.* 

Nitrate of strontian may be obtained in 
the same manner as that of barytes, with 
which it agrees in the shape of its crystals, 
and most of its properties. It is much 
more soluble, however, requiring but four 
or five parts of water according to Vau- 
quelin, and only an equal weight accord- 
ing to Mr. Henry. Boiling water dissolves 
nearly twice as much as cold. AppUed to 
Uxe wick of a candle, or added to burning. 
alcohoJ, it gives a deep red colour to the 
fiame. On this account it may be useful, 
perhaps, in the art of pyrotecbny. *lt conr 
sistsof 6.75 acid 4~ ^•5 strontian.* 

Nitrate of lime, the cakaremtt nitre of 
older writers, abounds in the mortar of 
old buildings, particularly those that have 
been much exposed to animal effluvia, or 
processes in which azote is set free. 
Hence it abounds in nitre beds, as was ob- 
served when treating of the nitrate of pot- 
ash. It may also be prepared artifieially, 
by pouring dilute nitric acid on carbonate 
of lime. If the solution be boiled down to 
ft sirupy consistence, and exposed in a. 
cool piaoe^ it crystallizes in long priamsi 



resembKng bundles of needles diveiigiii^ 
from a centre. I'bese are soluble, accord- 
ing to Henry, in an equal weight of boil- 
ing water, and twice their weight of cold ; 
soon deliquesce on exposure to the air, 
and are decomposed to a red heat Four- 
croy says, that cold water dissolves four 
times its weight, and that its own water of 
crystallization is sufficient to dissolve it at 
a boiling heat. It is likewise soluble in less 
than its weight of alcohol. By evaporat- 
ing the aqueous solution to diyness, con- 
tinuing the heat till the nitrate fbses, keep- 
ing it m this state five or ten minutes, and 
then pouring it into an iron pot previous- 
ly heated, we obtain BaldmnU ph»8ph9ru»^ 
This, which is perhaps more property «t- 
trite of lime, being broken to pieces, and 
kept in a phial closely stopped, will emit 
a beautiful white light in the dark, after 
haying been exposed some time to the 
HMTs of the sun. At present no use is made 
of this salt, except for drying some of the 
gases by attracting their moisture ; but it 
might be employed instead of the nitrate 
of potash for manufiusturing aquafortis* 
The nitrate of ammonia possesses the 

Sroperty of exploding, and being totally 
eci^nposed, at the temperature of 600** ; 
whenee it acquired the name of nitnim 
fiammam, I'he readiest mode of preparing^ 
it is by adding carbonate of ammonia to 
dilutef nitric acid till saturation takes 

Elace. If this solution be evaporated in a 
eat between TO^ and 100'', and the erapo- 
ration not carried too far, it ciystalUzes in 
hexaedral prisms terminating in very acute 
pyramids: if the heirt rise to 212^ it will 
afford^ on cooling, long fibrous silky crys- 
tals : if the evaporation be carried so far 
as for the salt to concrete immediately on 
a glass rod by cooling, it will form a com- 
pact mass. According to Sir H. Davy, 
these differ but little from each other, ex- 
cept in the water they contain, their com- 
ponent parts being as foUows: 

Prismatic-^ con-r69.5 „„ 
Fibrous ttain8^79.5 ■*" 
Compact 3 aoid (.74.5 

All these are completely deliquescent, 
but they differ a little in solubility. Alco- 
hol at 176^ dissolves nearly 90.9 of its own 
weight. 

• When dried as much as possible with- 
out decomposition, it consists of 6.75 acid 
-f- 2.13 ammonia4-1.125 water,* 

The chief use ofthis salt is for affording 
nitrous oxide on being decomposed by 
heat. See Nithookk, (Oxins of). 

Nitrate of magnesia, magnesian tdtre, crys- 

f I have ascertained, that very strong 
nitric acid, saturated by carbonate of am- 
monia, yields the compact nitrate extem- 
poraneously. 



am- .3 . g 3 wa- \ 



12.t 

8.2 
5.7 



AOI 



AOl 



lall^es IB fmlr-Mded rtiafmboidAl pritiM^ 
with oblique or tnincated summits, and 
sometimes in bundles of small needles. Its 
taste is bitter, and very similar to that of 
nitrate of lime, but less pungent. It is fu* 
sible, and decomposable by heat, giving 
out first a little oxy^n ^ftm, then nitrous 
oxide, and lastly nitnc acid. It deliquesces 
dowly. It is soluble in an equal weight of 
cold water, and in but little more hot, so 
that it is scarcely crystallizable but by 
spontaneous evaporation. 

The two preceding species are capable 
of combining^ into a triple salt, an ammo- 
niaco-magnesian nitrate, either by unitiiig 
the two in solution, or by a partial decom« 
position of either by means of the base of 
the other. This is stightly inflammable 
when suddenly heated ; and by a lower 
heat is decomposed, giving out oxygen, 
azote, more water than it contained, ni- 
trous oxide, and nitric acid. The residuum 
is pure magnesia. It is disposed to attract 
moisture from the ur, but is much less de- 
liquescent than either of the salts that 
compose it, and requires eleven paits of 
water at 60^ to dissolve it. Bmltng water 
takes up more, so that it will crystallize 
by cooling; It consists of 7S parts of ni- 
traie of magnesia, and 22 of nitrate of ao^ 
moiiia. 

From the activity of the nitric acid as a 
solvent of earths in analysation, the nitrate 
<^ glucine is better known than any other 
of the salts of this new earth. Its formia 
either pulverulent, or a tenacious or duo- 
tile mass. Its taste is at first saccharine, 
and afterwards astrii^nt. It g^wssoft 
by exposure to heat, soon melts, its acid 
is decomposed into oxygen and azote, and 
its base alone is left behind. It is very so- 
luble and very deliquescent. 

Nitrate, or rather supemitrate, ofalu* 
mina crystallizes, though with difficulty, 
in thin, soft, pliable flakes. It is of an aus- 
tere and acid taste, «nd reddens blue veg- 
etable colours. It may be formed by dis- 
solving in diluted nitnc acid, with the as- 
sistance of heat, fresh precipitated alumi- 
na, well washed but not dried. It is deli- 
quescent, and soluble in a very small por- 
tion of water. Alcohol dissolves its own 
weight. It is easily decomposed by heat. 

Nitrate of zircone was first discovered 
by Rlaproth, and has since been examined 
by Guyton-Morveau and Vauquelin. Its 
crystals are small, capillary, silky needles. 
Its taste is astringent. It is easily decom- 
posed by fire, very soluble in water, and 
deliquescent. It may be prepared by dis- 
solving zircone in strong nitric acid ; but, 
like the preceding species, the acid is al- 
ways ia excess. 

Nitrate of yttria may be prepared in a 
similar manner. Its taste is sweetish and 
astTingent. It is scarcely to be obtained in 



ciyBtals; and if it be evaporated by too 
strong a heat, the salt becomes soft like 
honey, and on cooling concretes into • 
stony mass. 

Aoin (NiTRors). It was formerly called 
fiumng nitrous acid. It appears to form a 
distinct genus of salts, that may be termed 
mtrUet. But these cannot be made by a 
direct union of their component parts, be- 
ing obtainable only by exposing a nitrate 
to a high temperature, which expels a por- 
tion ofits oxygen in the state of gas, and 
leaves the remainder in the state of a ni- 
trite, if the heat be not urged so far, or 
continued so long, as to effect a complete 
decomposition of the salt. In this way the 
nitrites of potash and soda may be obtain- 
ed, and perhaps those of barges, strontian, 
lime, and magnesia. The nitrites are par- 
ticularly characterized, by being decom- 
posable by all the acids except the car- 
bonic, even by the nitric acid itselt^ all of 
which expel from them nitrous acid. We are 
little acquainted with any one except that 
of potash, which attracts moisture from the 
air, changes blue vegetable colours to 
green, is somewhat acrid to the taste, and 
when powdered, emits a smell of nitric 
oxide. 

* The acid itself is best obtained by ex- 
posing nitrate of lead to heat in a glass re- 
tort. Pure fdtnma acid comes over in tiie 
form of an orange coloui^d liquid. It is so 
volatile, as to boil at the temperature of 
82<>. Its specific gravity is 1.450. When 
mixed with water it is decomposed, and 
nitrous gas is disengaged, occasioning ef- 
fervescence. It is composed of one volume 
of oxygen united with two of nitrous gpis. 
It therefore conusts by weight of 1.75 ni- 
trogen -f 4 oxygfen ; by measure of 1} 
oxygen -f- 1 nitrogfen. The various co- 
loured acids of nitre are not nitrow acids, 
but nitric acid impregnated with nitrous 
gas, the deutoxide or nitrogen, or azote. 
(See the preceding table of Sir H. Davy, 
concerning the coloured acid.)* 

* Acid (Nitbic OxTeBaizzn). In our 
general remarks on acidity, we have de- 
scribed Mr. Thenard's newly discovered 
method of oxygenizing the liquid acids. 
The first that he examined was the com- 
bination of nitric acid and oxygen. When 
the peroxide of barium, prepared by satu- 
rating barytes with oxygen, is moistened, 
it falls to powder, without much increase 
of temperature. If in this state it be mixed 
with seven or eight times its weight of 
water, and dilute nitric acid be gradually 
poured upon it, it dissolves gradually by 
agitation, withoutthe evolution of any gas; 
The solution is neutral, fir has no action 
on turnsole or turmeric. When we add 
to this solution the requisite quantity of 
sulphuric acid, a copious precipitate of 
sulphate of barytes faUs, and the filtered 
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fiquorifl merefyvvter* lioIdLigiiii 

oxygenized nitric acid. This add if liquid 
and colourless; it strongly reddens titnu 
sole, and resembles in all its properties 
nitric acid. 

When heated it immediately beg^ to 
discharge oxygen ; but its decomposition 
IS never comptete unless it be kept boiliiw 
for some time. The only metiiod whiim 
H. TTbensid found succeisful for concen- 
trating it, was to place it in a capsule, 
under the receiver of an air pump, along 
with another capsule full of lime, and to 
exhaust the receiver. By this means he 
obuined an acid sufficiently concentrated 
to give out 11 times its bulk of oxygen 
gas. 

This acid combines very well with b*> 
lytes, potash, soda, ammonia, and neu* 
tralizes them. When cxystallizaition com- 
mences in the liquid, by even a sponta- 
neous ev^ionition, these halts are instant- 
ly decomposed. The exhausted receiver 
also deoMnposes them. The oxygenised 
nitrates, wnen changed into conrnvra 
nitrates, do not change the state of their 
neutralizaticm. Strong solutton of potash 
poured into their switions decomposes 
them. 

Oxygenized nitric acid does not act on 
gold ; but it dissolves all die metals which 
the common acid acts on, and when it is 
not too concentrated, it dissolves them 
without effervescence. Deutoxide, or 
peroxide of barium, contuns just double 
the proportion of oxygen that its protoxide 
does. But M. Thenard says, that the 
bar^tea obtained from the nitrate by 
ignition contains always a little of the 
peroxide. When oxygenized nitric acid 
18 poured upon cmde of silver, a strong 
effervescence takes place, owing to the 
disengagement of oxygen. One portion 
of the oxide of silver is dissolved, the 
other is reduced at first, and then dissolves 
likewise, provided the quantity of acid be 
sufHcient. The solution being Completed, 
if we add potash to it, by little and Ittde, 
a new effervescence takes place, and • 
dark violet precipitate falls; at least this 
is always the colour of the first deposite. 
It is insoluble in ammonia, and accords 
ingto all appearance, is a protoxide of 
silver. 

As soon as we plunge a tube containing 
oxide of rilver into a solution of oxygen- 
ized nitrate of potash, a violent efferves- 
cence takes place, the oxide is reduced, 
the silver precipitates, the whole oxygen 
of the oxygenized nitrate is disengaged 
at the same time with that of the oxide ; 
and the solution, which contains mei«lv 
common nitrate of potash, remains neutral, 
if it was so at first. But the most unac- 
countable phenomenon is the following t 
If rilver, in a state of extreme division 



(fine fffings), be jMt into the osygenized 
nitnte, or oxygenized muriate of potash, 
tiie whole oxygen is immediately disen- 
gaged. The tmer itself is not attacked, 
and the salt remains nentrnl as before. 
Iron, zinc, copper, bismuth, lead, and 
plalfamm, likewise possess this property 
of separating the oxygen of the oxygen- 
ised nitrate. Iron and zinc are oxidized, 
and at the same time'oecasion Hie evolution 
of oxygen. The other metals are not 
sensibly oxidized. They were all employ- 
ed in the state of filings. CSbld scarcely 
acts. The peroxides of man^ese and 
of lead decompose the oxymtrates. A 
very small quantity of these oxides, in 
powder, \» sumdent to drive off the whole 
oi^gen from the safine solution. The 
efKrvescence is lively. Tlie peroxide of 
manganese undergoes no alteration. 

Though nitric acid itself has no action 
on the peroxides of lead and manganese, 
the oxygenized acid dissolves both of 
them witti the greatest ftcility. The so- 
lution is accompanied by a great disen- 
gagemdnt of oxygen gas. The effect of 
Slver, he thinks, ma^ probably be ascri- 
bed to voltaic electricity. 

The remarks appended to our acorant 
of M. Thenard's oxygenized muriatic 
acid, are equally applicable to the nitric ; 
but the phenomena are too curious to be 
omitted in a work of the present kind.* 

*AciB (Oksic). When potash and 
hog's krd are saponified, the maigarste of 
the alkali separatesin thefimnof a peariy 
looking solid, wlule the fluid fat remains 
in solution, combined with the potash. 
When the alkaH is separated by tartaric 
acid, the oilv principle of fat is obtained, 
which M . CAievreul purifies by saponify- 
ing it again and again, recovering it two 
or three times, by which means the whole 
of tiie margarine is separated. As this 
oil has the property of^ saturating bases 
and forming neutral compounds, he has 
called it oleic add. In his rixth memoir, 
he ^ves the following table of results. 

100 Oleic add of human fat 
Saturate Barvtes Strontian Lead 
26.00. 19.41 83.48 

100 Oleic add of sheep fiit 
26,77 19.38 81.81 

100 Oleic acid of ox fat 
38.93 19.41 81.81 

100 Oleic add of goose fat 
26.77 19.38 81.34 

100 Oleic acid of hog ftt 
27.00 29.38 81.80 

Oleic add is an oily fluid without taste 
and smell. Its specific gravity is 0.914. It 
is generally soluble in its own wd||htsf 
boding alcohol, of the specific gpravity of 
0,79SS; but sMne of the varieties are still 
more stable. 100 of the oleic acid sata- 
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lite Ifi^aofpolMh, lOai offlodm r^oT 
magnesia, 14^ of zinCy and 13.93 penix* 
ide of copper. M. Chevieul's experi* 
menta baFe £naUy induced him to adx^t 
the quantities <^ 100 acid to 27 barvtea^ aa 
the moat correct ; whence calling baiytea 
9.75, we bare Uie equivalent prime of 
oleic acid »• 36.0.* 

Acid ([Oxiue). This acid, M^iich a- 
bounds in wood aorrel, and which, com- 
bined with a small portion of potaah, aa 
it ezista in that plant, has been told under 
the name of ra^ rfiemmty to be uaedaa a 
substitute for the juice of that fruit, par- 
ticularly for discharging ink spots and 
iron-moulds, was long supposed to be 
analogous in that of tartar. In the year 
1776, nowever, Bergmann discovered, that 
a powerful acid might be extracted from 
sugar by means of the nitric; and a few 
years afterwards Scheele found this to be 
identical with the acid existing natutalfy 
in sorrel. Hence the acid began to be 
distinguished by the name of 9accharme, 
but has rince been known in the new 
nomenclature by that of oxalic. 

Scheele extracted this acid from the. 
salt of sorrel, or acidulous oxalate of pot- 
ash, as it exista in the juice of that pwnt, 
by saturating it with ammonia, when it 
becomes a very soluble triple sah, and 
adding to the solution nitrate of batytea 
dissolved in water. Having well wauied 
the oxalate of baiytes, which ia predpita- 
ted, he dissolved it in boiling water, and 
precipitated its base by sulphuric acid. 
To ascertain that no sulphuric acid re- 
mained in the sup^natant hquor, he added 
a little of a bmbng solution of oxalate of 
baiytes till no precipitate took place^ and 
then filtered the liquor, which contained 
nothing but pure oxalic acid, which he 
ciystallizedby evi^poration and cooling. 

It may be obtained, however, much 
more reiuiily and economici^;^ from sugar 
in the following way: To six ounces <^ 
nitric acid in a stoppered retort, to which 
a large receiver is hited, add, by degrees, 
one ounce of lump sugar coarsely pow- 
dered. A gentle neat may be applied 
daring the solution, and nitric oxide will 
be evolved in abundance. When the 
whole of the sugar is dissolved, distil off 
a part of the add, till what remains in the 
retort has a rirupy consistence, and this 
will form regular crystals, amounting to 
58 parts from 100 of sugar. These crys- 
tals must be dissolved in water, re-crysUl- 
lized, and dried on blotting paper. 

A variety of other substances ffbrd 
the oxalic acid when treated by distillation 
with the nitric. Ber^pnann procured it 
from honey, gum arabic, alcohol, and the 
calculous concretions in the kidneys and 
bUdders of animals. Scheele and Hermb- 
Btadt from sugar of milk. Scheele fnnn 



• sweet matter contained in fat mb, and 
also from the uncrystallizable part of the 
juice of lemons. Hermbstadt from the 
acid of cherries, and the add of tartar. 
Goetlinf^ iiom beech wood. Kohl from 
the residuum in the distillation of ar- 
dent spirits. Westrumb not only from the 
eiystallized adds of cuirants, cherries, ci- 
trons, raspberries, but also from the sac- 
charine matter of these fruits, and from 
the uncrystallizable parts of the add jui- 
ces. *H<Hlinann from the juice of the bar- 
berty; and BerthoUetfimn silk, hair, ten- 
dons, wool ; also fr*om other animal sub- 
stances, especially from the coa^um of 
blood, whites of egn, and likewise frxm 
the amylaceous and glutinous parts of 
flour. M. Berthollet observes, tibat the 
quantity of the oxalic acid obtained by 
treating wool with nitric acid was very 
considerable, bdnr above half the weight 
of the wool employed. He mentions a 
difference which he observed between 
animal and vegetable substances thus treat- 
ed with nitric add, namely, that the for- 
mer yielded, beside ammonia, a lai^ quan- 
tity of an oU which the nitric acid could 
not decompose ; whcreaa the oily parts of 
vegetables were totally destroyed by the 
action of this add? and he remarks, that 
in this instance tiie glutinous part of flour 
reaembled animal simstances, whereas the 
amylaceous part of the flour retained its 
vegetable properties. He further remarks, 
that the quantity of oxalic acid furnished 
by vegetable matters thus treated is pro- 
portionable to their nutritive quality, and 
pasticularly that, from cotton, he coiud not 
obtain any aensible quantity. Deyeux» 
having cat with sdssars the hairs of the 
chick pea, found they ^ve out an. acid li- 
quor, which, on examination, proved to 
be an aqueous solution of pure oxalic acid. 
Pioust and other chemists had before ob- 
served, that the shoes of persons walking 
tlmmgh a field of dliick pease were corro- 
ded. 

Oxalic add ciystallizes in quadrilateral 
prisma^ the rides of which are alternately 
brosd and narrow, and summits diedral ; 
or, if crystallised rapidly, in small irregu- 
lar nee<Ues. Hiey are efflorescent in dry 
air, but attract a littie humidity if it be 
damp; are soluble in one part of hot and 
two of cold water; and are decomposable 
by a red heat, leaving a small quantity of 
eoaly residuum.—- 100 parts of alcohol take 
up near 56 at a boiling heat, but not above 
40 cold. Their acidity is so great, that 
when dissolved in 3600 times their wdght 
of water, the solution reddens litmus pa- 
per, and is perceptibly add to the taste. 

The oxalic acid is a good test for de- 
tecting lime, which it separates from all 
the other acids, unless they are present in 
excess. It has Hkeiirise a greater affinity 
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'fiv lime thftn for any other of the bue% 
and forms with it a pulverulent insoluble 
salt, not decomposable except by fire» and 
turning sirup of violets green. 

* From the oxalate of lead, Berzelius 
infers its prime equivalent to be 4^32, and 
by igneous decomposition he finds it re- 
solved into 66.534 oxygen, 33.222 carbon, 
and 0.244 hydrogen. The quantity of the 
latter, when reduced to primitive ratios, 
gives only» as Dr. Thomson admits, 1-1 2th 
of an atom of hydrogen, which makes this 
analysis of Berzelius and the Atomic 
theory incompatible. Since BerzeUus pub- 
lishea his anal^'sis, oxalic acid has been 
made the subject of some ingenious re- 
marks by Dobereiner, in the l6th vol. of 
Schweigger's Journal. We see that the 
carbon and oxygen are to each other in 
the simple ratio of 1 to 2 ; or referred to 
their prime equivalent, as 2 of carbon — 
1.5, to 3 of oxygen »» 3. This propor- 
tion is what would result fi'om a prime of 
oarbonic acid »» C 4~ 2* O, combined with 
one of carbonic oxide = C + O. C being 
^arbon, and O oxygen. The sum of the 
above weights gives 4.5 for tlie prime 
equivalent of oxalic acid, disregarding hy- 
drogen, which constitutes but l-37th of 
the whole, and may possibly be referred 
to the imperfect desiccation of the oxalate 
of lead subjected to analysis. Oxalic acid 
acts as a violent poison when swallowed 
in the quantity of 2 or 3 drachms; and 
several fatal accidents have lately occur- 
red in London, in consequence of its being 
improperly sold instead of £psom salts. 
Its vulgar mnme of salts, under which the 
acid is bought for the purpose of whiten- 
ing boot-tops, occasions these lamentable 
mistakes. But the powerfully acid taste of 
the latter substance, joined to its prismatic 
or needle-formed crystallization, are suffi. 
cientto distinguish it from every thing 
else. The immediate rejection from the 
stomach of this acid, by an emetic, aided 
by copious draughts of warm water con- 
tiuning bicarbonate of potash, or soda, 
chalk, or carbonate of magnesia, are the 
proper remedies.* 

With barytes it forms an insoluble salt ; 
but this salt will dissolve in water acidu- 
lated with oxalic acid, and afford angular 
crystals. If, however, we attempt to dis- 
solve these crystals in boiling water, the 
excess of acid will unite with the water, 
and leave the oxalate, which will be pre- 
cipitated. 

The oxalate of strontian too b a nearly 
insoluble compound. 

Oxalate of nuij^nesia too is insoluble, un- 
less the acid be in excess. 

The oxalate of potash exists in two 
states, that of a neutral salt, and that of an 
acidule. The latter is generally obtained 
l^m the juice of the leaves of the oxoUit 



nceUHllttt wood soml, or rvmex ocetota^ 
common sorrel. The expressed juice, be- 
ing diluted with water, should be set by 
for a few days, till tlie feculent parts have 
subsided, and the supernatant fluid is be- 
come clear ; or it may be clarified, when 
expressed, with the whites of eggs. It is 
then to be strained off, evaporated to a 
pellicle, and set in a cool place to crystal- 
lize. The first product of crystals being 
taken out, the liquor may be further evap* 
orated, and crystalHzea; and the same 
process repeated till no more can be ob- 
tained. In this way Schlereth informs us 
about nine drachms of crystals may be ob- 
tained from two pounds of juice, which 
are TOnerally afforded by ten pounds of 
wood sorrel. Savaiy, however, says, that 
ten parts of wood sorrel in full vegetation 
yield five parts of juice, which give little 
more than a two-hundredth of tolerably 
pure salt. He boiled down the juice, how- 
ever, in the first instance, without clari- 
fying it ; and was obliged repeatedly to 
dissolve and re-crystalhze the salt to ob- 
tain it white. 

This salt is in small, white, needly, or 
lamellar crystals, not alterable in the air. 
It unites with barytes^ magnesia, soda, am- 
monia, and most of the metallic oxides, in- 
to triple salts. Yet its solution precipitates 
the nitric solutions of mercuiy and silver 
in the state of insoluble oxalate of tliese 
metals, the nitric acid in this case com- 
bining with the potash. It attacks iron, 
lead, tin, zinc, and antimony. 

This salt, besides its use in taking oat 
ink spots, and as a test of lime, forms with 
sugar and water a pleasant cooling bever- 
age ; and according to Berthollet, it pos- 
sesses considerable powers as an antisep- 
tic. 

The neutral oxalate of potash Is very 
soluble, and assumes a gelatinous form, 
but may be brought to crystallize in hex- 
aedral prisms with diedral summits, by ad» 
ding more potash to the liquor than is suf- 
ficient to saturate the acid. 

Oxalate of soda likewise exists in two 
different states, those of an acidulous and 
a neutral salt, which in their properties 
are analo^us to those of potash. 

The acidulous oxalate of ammonia is 
crystalUzable, not very soluble, and capa- 
ble, hke the preceding acidules, of com- 
bining with other bases, so as to form 
triple salts. But if the acid be saturated 
with ammonia, we obtain a neutral oxalate, 
which on evaporation yields veiy fine 
cr^staH in tetraedral prisms witn diedral 
summits, one of the planes of which cuts 
oif three sides of the prism. This salt is 
decomposable by fire, which raises fi'om 
it carbonate of ammonia, and leaves only 
some light traces of a coaly residuum. 
Lime, barytes, and strontian unite with 
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SlBtteid^and tlie unmoiiki fliet offiaAe 
Jbrm of gas. 

The oxalic acid readily disBolves ahmi- 
na, and the solution gvves on evaporation 
a yellowish transparent mass, sweet and a 
little astrin^nt-to the taste, dehquesoent, 
and reddening tincture of litmus, but not 
strap of violets. This sah swells up in the 
fire, loses its acid, and leaves the alumiaa 
a little coloured. 

* The composition of the different oza* 
ktes may be ascertained by considering 
the neotnl salts as consisting of one prime 
of add -« 4.553 to 1 of base, and the bin- 
oTalate of potash of 3 of acid to 1 of base, 
as was fint proved by Dr. WoUaston. 
But this enunent philosopher has ftuther 
shown, that oxaBc acid is capable of com- 
bining in four proportions with the ^des, 
whence resuH neutnd oxalates, suboza* 
lates, addtdoas oitalates, and acid oxalates. 
l*he neutral contain twice as much acid as 
the suboxalates; one-half of the quantity 
of acid in the aciduhms oxalates ; and one- 
quarter' of that in the acid oxalates.'* 

Acin (Pkblatx). This name was given 
by Bergmanntotlwaddttlous phosplmte of 
soda, Hanpt having called the phosphate 
(tf soda to/ ndrMle perlatum, 

Acin (PHospBomic.) The base of this 
Acid, or ^e acid itself, abounds in the mi- 
neral, vegetable, and animal kingpdoms. In 
the mineral kingdom it is found in combi- 
nation with lead, in the green lead ore $ 
with iron, in the bog ores which afford 
oold shoK iron ; and more especially with 
calcareous earth in several kmds of stone. 
Whole moontains in the province of Es- 
tremadura in Spain are composed of this 
combination of phosphoric acid and lime. 
11 r. Bowles aifinns, that the stone is whi- 
tish and tasteless, and affords a blue flame 
without smell when thrown upon burning 
coals. Mr. Proust describes it as a dense 
stone, not hard enoujf h to strike fire with 
steel ; and says that it is found in strata, 
which always lie horizontally upon quartz, 
and which are intersected wim veins ci 
quartz. When this stone is scattered up- 
on bundng coals, it ddes not decrepitate, 
but bums with a beautiful green light, 
which lasts a considerable time. It melts 
into a white enamel by the blow-pipe ; is 
soluble with heat, and some effervescence 
in the nitric acid, and forms sulphate of 
lime with the sulphuric acid, while the 
phosphoric acid is set at liberty in the fluid. 

The vegetable kingdom abounds with 
phosphorus, or its acid. It is principally 
found in plants that grow in marsliy places, 
in turf, and several species of the white 
woods. Various seeds, potatoes, agaric, 
soot, and charcoal affbrd phosphoric acid,4 

^ To this Prof. Bartboldi ascribes two 
accidents at the powder-mills at Essone, 
where spontaneous combustion appeued 
▼qi, I [U] 



bf abslneting the nitric acid finm tblfl^ 
and hxivistittg the residue. The lixivium 
contains the phosphoric acid, which may 
dther be saturated with lime by the addi- 
tion of lime-water, in which case it forms 
a solid compound; or it may be tried by 
examination of its leading properties by 
other chemical methods. 

In the animal kingdom it is found in al- 
most every part of the bodies of animals 
which are not considerably vdatUe. There 
is not, in all probability, any part of these 
organized beings which is me from it. It 
has been obtained from blood, flerii, both 
of land and water animals; from cheese ; 
and it exists in Uffce quantities in bonea^ 
combined with cafoareous earth. Urine 
contains it, not only in a disengaged stat^ 
but also combined with ammonia, sodi^ 
and lime. It washy the evaporation, and 
distillation of this ezcrementitious fluid 
with charcoal that phosphorus was first 
made; the charcoal decompodng the dis- 
engagedacidandtheammoniacalsah. (See 
pHosraoaos.) But it is more cheaply ob- 
tained by the process of Schede, from 
bones^ by the application of an add to 
Hieir earuiy resiaue after calcination. 

In this process the sulphuric acid ap- 
pears to be the most convenient, because 
It forms a neatly insoluble compound with 
the lime of the bones. Bones of bee^ 
miitt(m, or veal, being ealdned to white- 
ness in an open fire, lose almost hdf of 
their weight. This must be pounded, and 
sifted, or the trouble may be spared by 
buying the powder that is sold to make 
cupels for the assayers, and is^ in Am^ the 
powder <^ burned bones ready sifted. To 
three pounds of the powder there may be 
added about two pcninds of concentrated 
sulphuric acid. Four or five pounds c^ 
water must be afterward added to assist 
Ihe action of the add; and during the 
whole process the operator must remem- 
ber to place himself and his vessels so that 
the fumes may be blown from him. The 
vfhole may then be left on a gende sand 
bi^ fot twdve hours or more, taking care 
to supply die loss of water which happens 
by evaporation. The next day a laige 
quantity of water must be added, the 
whole strained through a sieve, and the 
residual matter, which is sulphate of lime, 
■rast be edulcorated by repeated affusione' 
of hot water, tiU it passes tasteless. The 
waters contain phosphoric add neariy free 
from lime, and by evaporation, first in 
glazed earthen, and then in gtess vessels, 
■ I III .^1^.^ ■■ I II I ■ 

to have taken place in one instance in the 
charcoal store-room, in the other in the 
box into which the charcoal was siftedi 
as well as three successive explosions at 
the powder-mills of Vosges. This cer* 
tainly merits the attention of gunpowder 
manu^cturers* 
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w nthw in voseh of ^ktaft-or tilf^n l«r 
the hot acid acts upon glass, afford the 
acid in a concentrated state, which, by the 
force of a stron^^ heat in a crucible, may 
be made to ac<|uire the form of a tran^a* 
rent consistent ghiss, though indeed it ia 
usually c^fa milky, opaque appeannce. 

For making phosplunua, it is not necea- 
any to evaporate tne water further than 
to bring it to the consistence of sirup » 
and the small portion of lime it ccmtains is 
not an impediment worth the trouble of 
removing, as it affecU the produce very 
little. But when the acid is required in a 
purer state, it is proper to add a quantity 
of carbonate of ammoma* which, by dou« 
Me elective attraction, precipitates the 
l^ine that was held in solution by the phos- 
phoric acid. The fluid being &en evapo- 
rated, affords a oiystallized ammoniacal 
saHf which may be melted in a silver ves- 
sel, as the acid acts upon glass or earthe» 
Tassels. The ammonia is driven off by 
the heat, and the acid acquires the form 
of a compact gla^ as transparent as rock 
crystal, acid to the taste, soluble in water* 
a|]4 deliquescent in the air. 

This acid is commonly poie, but never-, 
tbeless may contain a small quantity of so- 
da* originally existing in the bones, and 
not capable of being taken away by this 
p|yoces% ingenious as it is. The only une- 
quivocal method of obtaining a pure aoid 
appears to consist in first converting it in- 
tp phosphorus by distillation of the mate- 
lu^s with charceal, and then converting it 
M^n into acid by irapid. conabuation» at a 
l^b temperiiture* either in o^g&u or at* 
nnosphenc air^ or some other equivalent 
I^QOeess^ 

Phosphorus ma^ also be converted into 
the acid state by tiseating it with nitcicj 
a^sid. In this operation, a tubulated retort 
with a ground stopper, must be half filled 
with nitric acid, and a gentle heat applied. 
A' small piece of phosphorus heme then- 
introduced through the tube will oe dis- 
solved with eff^rveacen<ie, produced by 
t^e escape of a large quantity of nitric ox- 
ide. The addition of pho9phoiua must 
be continued until the last piece remains 
undissolved* The fire being then raised 
tp drive over the remainder of the nitric 
acid, the phosphoric acid will be found in 
^e retort, partly in the concrete and part* 
fy in the fiquid form. 

Sulphuric acid produces nearly the same, 
effect as the nitric i a kige quantity of 
sulphurous acid flying off. But as it re- 
quires a stron|^er beat to drive off the last 
portions of this acid, it is not so well adapt- 
ed to the purpose. The Uquid chlorine 
like^se acidiiies it. 

When phosphorus is burned by a strong- 
heati sufficient to cause it to flame rapid- 
ly,' it ia. almost perfectly converted mto 



dif aei4 Mtae of winch lathMwn up by 
the force of the combustion, and the rest 
remains upon the supporter. 

This substance has also been acidified 
by the durect application of oxygen g^ 
paaied through hot water, in which the 
phosphorus was liquefied or fused. 

The general characters of phosphcnic 
acid are: 1. It is sduble in water in all 
proportions, producing a specific gravity', 
which increases as the quantity of acid is 
greater, but does not exceed 2.687, which 
IS that of the f^kcial acid. 2* It produces 
heat when mixed with water, mough not 
very considerable. 3. It has no smell 
when pure, and its taste is sour, but nut 
conosive. 4, When perfectly dry, it sub- 
lines in close vessels; but loses this pro- 
perty by the addition of water; in which 
circumstance it greatly differs from the 
boneic acid, which is fixed when dry, but 
liaesby the help of water. 5. When con- 
sidcmbhr diluted with water, and evapo- 
rated, ^e aqueouS' vapour carries up a 
small portion of the acid. 6. With char^ 
coal or inflammable matter, in a strong 
heat, it loses its oxygen, and beoomea con- 
verted into pho^horus. 

Phosphoric acid is difficult of aystaUii 
sing- 
Though the phosphoric add is scareely 
qomisive, yet, when concentrated, it acts 
upon oils, which it discolours^ and at leag^ 
blackens, producii» heat, and a strong 
smell like that of e&er and oil of turpen- 
tine ; but does not fi)nn a true acid aoap^ 
It has most effect on essential oi]% less on 
drying oili^ and least of all on fat oils. 
Spirit of wine and phosphoric acid have « 
weak action on each other. Some heat ia 
excited by this mixture, and the product 
which comes over in distillation of the nux- 
ture is strongly aead, of a pungent arsenical 
smell, inflammable with smoke, miscible 
in all prop<»rtions with water, precipitating 
silver and mercury from then* aMutions^ 
hut not gold; and although not an ether, 
vet it seems to be an approximatiea to that 
kind of combination. 

* From the syntheses of the phosphates 
of soda, barytes, and lead, Berzelius de- 
duces the prime equivalent of phosphoric 
acid to be 4.5. But the experiments of 
Beraelius on the synthesis of the acid it- 
self^ show it to be a compound €£ about 
100 phosphorus + 133 axygtn ; or of 2 
oxji^n + 1.5 phosphorus »« 3^5 {or the 
pnme equivalent of the aeid. Lavcusier's 
synthesb gave<2 oxygen +1*33 phospho- 
rus. So did that of Sir H. Davy by rapid 
combustion in oxyg^i gas, as published in 
the Phil. Trans, for 1812. Dr. Thomson, 
in his aecQuntof the improvements in Phy- 
sioal Seience, pubhshea in his Annals for- 
Jianuary 1817, says, " It is quite clear from 
these analyses (of Betzwus) ttiat the 
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^^hrrient mnberlbr phMkoric Mid it 
4.5.** M. Dokmg, in an efa£or&te paper 
published in the third Toiume of the Me* 
moires d'Arcaei], given as tibe result of di- 
versified experiments, the propottioiis of 
100 phosphonis to 123 oxygen; or of 2 
oxygen -|- l-63r phosphonis — 3.637 for 
the acid equivalent. 

In the Annals of I^ikaophy for April 
1816, page 305, Dr. Thomson gives the 
following statement : <* From this result it 
follows that the acid is composed of 
Phosphorus, 100 
Oxygen, 123.46. 

^To veniy this result, the autfior (Dr. 
Thomson) had recourse to the phosphale 
of lead, which is a compound of 2 atoms 
phosphoric acid+ 1 fttom yellow oxide of 
lead.** He g^ves three analyses of this 
salt; one by Dr. Wollaston ; one by Pro- 
fessor Berzefius; and one by himself. 
These analyses are as follow :— 

Acid. Base. 

ByWeflaston, 100+370.72 

Bersetius, 100 + 380.56 

Thomson, 100 + 398.49 

Mean, 1004-383.26. 

This mean, which corresponds neariy 
with the analysis of Berzeliiis, is consid> 
ered by him as exhibiting the true o<»b- 
position of phosphate of tead. From this 
tiie weight of an atom of pho^hone acid 
is showii to be 3.649. But after a com- 
parison of results by difi^rent methods, he 
says, « This gives Us 1.634 for the weight 
of an atom of phosphorus ; 2.634 for the 
weight of an atom of phosphorous acid ; 
and 3.634 for the weight of an atom of 
phosphoric acid.'' Page 306. 

In the subsequent Januwy, when fae^ 
eives an Account of Phy^cal Science for 
Sie same year 1816, however, he say% **It 
is quite clear from these analyses," (of 
Berz^us, whom he there properly styles 
one of the most aeeuxate chemists of the 
present day), *<that the equivalent num- 
ber for phosphoric aoid is 4.5." And for^ 
ther, in the fifdi edition of his System of 
Cbemiatinr, published in 1817, from an ex- 
trem^y larg^e collection of etperhnentSy 
be determines tte eqmvalettt of phospho- 
ms to be 1.5; and that of phosphoric acid 
to be 4.5. Firtrily, in Iferdi 1830, without 
hinting in the least at his i^andonment of 
the number 3.634^ and adoption of 4.5, ho 
merely says, •*thht a set of experinents 
he publi^ed some years ago seem to me 
to demonstrate the constitution of these 
two acids in a satisfoctonr manner.*' And 
he immediately ^es on 3.5 for phosphoric 
acid. 

Amid all these perplexities, it is com- 
Ibrtable to resort to Sir H. Davy's ^etr 
and decirive paper, read before the Royal 
Society on the 9th April 1818; WithW 
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weB known flagacity, be hivtnted a neiT 
metibod of research, to edude the fonner 
soorces of error. He burned the vapour 
ef phosphonis as it issues from a small 
tube, contained in a retort filled with oxy- 
gen ns. By adoptin|; this proces, he de- 
termnied the composition of phosphoric 
aod to be 100 phosphorus + 134.5 oxy- 

SiUi whence its equivalent comes out 
500. Phosphorous acid he then shows 
to consist of 1 oxygen + 1 .500 phoq>honia 
-* 2.500. We shaU therefore fix on Sir 
R. Davy's number 3.500 for the primf 
equivalent of phosphork; acid. 

We see, indeed, m the Annals of Philoa. 
for 1816, in a pM>er on phosphoretted hy- 
drogen by Dr. Thomson, that this chemM 
had determined the atom of phosphoroa 
to be 1.5, and thatof phosph<nic acid 3.5, 
but he subsequently renounced them. It 
will be instructive to plftce his fluetuatioitf 
of opinion in one view. 

In the Annals for April 1816, the lepoit 
of Dt. Thomson's piqier, read at the Royal 
Society, en {Aospboiric acid and thephos» 
phattts, makes ^le acid equivalent 3.634i 
m the Annals for August 1816, the phoa- 
Bhuretted hydrogen experiments make it 
3.5: the history of 1816 improvement^ 
Inserted in JItmmry 1»17, gives us 43 «• 
the equivalent, a«d «n explicit renunoia^ 
rion m 3.5; the System of Cbemistiy in 
Octobcir 1817, confirnui this munber 4;9 
by multiplied foots and neasonlngs s and^ 
finally, after Sir H. DavVs experimenlt 
appeared in 1818, which demonstrated 
3;500 to be the real number. Dr. Thomson 
resumes 3.5; and to show his churn to prif« 
ority, refers sunply to his former paper on 
phosphuretted hydrogen. From this ex* 
ample, begumeiBiB the study of chemistiy 
will learn the danger of dogmatizing haa^ 
rily on experimenUl subjects.^ 

* Acin (Pnosraonovs) was diacovereA 
in 1812 by Sh* H. Dayy. When pho^ho* 
itts and corrorive subfimate act en each 
other at an elerated tempewtnre, a liquid 
called protoehloride of phosphorus is form- 
ed. Water added to this, resolres it into 
muriatic and pho^>horoua acids. A mo- 
derate heat suffices to expel the former, 
and the latter remsois^ associated wHh 
water. It has a very som* tai^ reddens 
vegetable blues, and neutrafizes bases. 
When heated stiongly in open vessdis, it 
infiames, Phosphuretted hydrogen fliei 
off, and ]>hosplioric acid remains. Ten 
parts of it heated in dose vcskIb give 
off li of bihydroguvet of phosphorus 
and leave SJ of phosphoric acid. Hence 
the liquid acid consisU of 80.7 acid + 193 
Water. Ita prime equivalent is 2.5.* 

* Acn (HvroraosPBOBous), lately dis-' 
oovered by M. Dulong. Pour water on 
the phoBphuret of barytes, and wait till all 
the phosphuretted hydrogen he diaeiigag- 
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•^ AdderatioiislytDtlieilHefed liqind 
^iite solphuric add, till the baiTtes be att 
prcdpilaled in the state of ■olphftte. The 
aupernatant liqiud is l^popnoaphoroiie 
acid, which ribould be paaaed through a 
filter. This Mqoid mav be concentrated 
by evaporation, till it become viscid. It 
1ms a vety sour taste, reddens rentable 
bines, and does not ciystaltise. It is pro- 
bably composed of 2 primes of pfaospho* 
ms — 3. + 1 of oxygen. Dolon^s analy* 
ns approaches to this proportion. He 
asnigns, but from rather wecarioos itoo, 
100 phosphorus to 37.44 oxygen. The 
hypophosphites have the remarkable pro- 
perty of being •& 9ahMe in water; while 
many of the pihosphates and phosfdiites are 
insoluble. 

M. Thenard succeeded in oxygraizing 
phosphoric acid by the method described 
under nitric and muriatic acids. 

With regard to the phosphates and 
phosphites, we have so many discrepan- 
eies in our latest publications, that wo 
must suspend our judgment as to their 
composition. Sir H. Davy says most ap- 
propriately in his last memmr on some of 
the combinations of phosphontsb thsit <*new 
researches are required to e^lain iSie 
anooudies presented by the phosphates.'' 
We may aAd, that allber he has so effectu- 
aUy cleared up the mysteries of the acids 
themselves, me scientific world look to 
him to throw the same light on their safine 
combinations.* 

Phosphcnic acid, united with barytes, 
produces an insoluble salt, in the form of 
a heavy white powder, fusible at. a h^^ 
temperature into a gny enamel. Tlie best 
mocie of preparing it is b^ addii^ an alka* 
line phosphate to the nitzate or muriate 
ofbatytes. 

The phosphate of strontian defers from 
the preceding in being soluble in an ex- 
cess of its acM. 

Phosphate of lime is vezy abundant in 
the native state. At Marmarosch in Hun- 
gary, it is found in a pulverulent form, 
mixed witii fluate of lime t in the province 
of fistremadura in Spain, it is in such huge 
masses* that walls of enclosures, and even 
houses, are built with it ; and it isfrequent- 
ly crystaBiaed, as in the apatite of Wemm^ 
when it assumes different tints of gray, 
brown, purple, bluey olive, a»i green. In 
the latter state, k has been confounded 
with the cry solite, and sometimes with the 
beryl and aqua marine, as in the stone 
called the Saxon beiyL It likewise con* 
statutes the chief part of the bones of ail 
animals. 

The phosphate of fime is very diffieult 
to fuse, but m a glasshouse furnace it soft- 
ens, asid acquires the seimtranspweney 
and grain or porcelain. It is inso^Me in 
"vatcav Imt when well 4:alotned, forms « 



kind of paste with il, as in naidng cvpeb. 
Besides this use of it, it is employed for 
pohshing gems and metals, for absorbing 
grease from doth, linen, or paper, and for 
preparing phosphorus. In inedictne it has 
been strongly recommended agttnst the 
rickets by Dr. Bonfaomme of Avignon, 
either alone or combined with phosphate 
of soda. The hurm hmtahmm ^ the shops 
is a phosphate of lime. 

An acidulous phosphate of lime is found 
in human urine, and may be cryatallisedui 
small silky filaments, oe shining scales, 
which unite together into something like 
the consistence of honey, and have a per« 
ceptibly acid taste. It may be prepned by 
putially decomposing the calcareousphos- 
phate m bones by the sulphuric nitric, or 
muriatic acid, or by dissdvinj^ that phos- 
l^ate in pbosphonc add. It is soluble in 
water, ana ciystallizable. Exposed to the 
action of heat, it soften^ liquefies, swells 
up, becomes d^, and may be fiised into a 
transparent glass, which is insipid, kisolu- 
ble, and unatterable in the air. In these 
cfasracttts H differs from the glacial acid 
of phosphorus. It is partly deoomposable 
by chaicoa], so as to alford phosphorus. 

The phosphate of potash is very deli- 
quescent, and not crystalfixable, but oon- 
deniing into a kind d^diky. Like Ihtc pre- 
ceding species, it first undergoes the aque- 
ous fusion, swells, dries, and may be fiised 
intoag^ass; but this gkss defiqueaees^ 
It has a sweetish saline taste. 

The phoqihate of soda was first £aoo- 
vered combmed with ammonia in uruie, by 
Schockwitz, Midwas calledyimMs or mtcro- 
e^tmio hAu Iforgraff obtained it alone by 
lixiviating the residuum left itfier prepare 
ing phosphorus' from this tnif^it salt and 
charcoal. Haupt, who first disGriminated 
the twOk gave the phosphate- of soda the 
nameofffo/imraMfejteYilalttm. RoueUevery 
properly announced it to be a compound 
of soda and phosphoric aeicL Bergman 
con»dered it, or rather the acidcdouaphiM- 
phate, as a pectttiar acid, and gave it the 
name oH perkue ackL Guyton-Morveau did 
the same, but distinguished itby the name 
ciefuretie: at length Rlaproth ascertained 
its real nature to beav Rouelle had affirmed. 

This phosphate is now commonly pre« 
pared by adding to the acidulous phoa» 
phate of lime as much cari>oaate of soda 
m s<Hution as will fully saturate the acid. 
The carbonate of lime, which preci|»tates, 
being separated by filtration, tiie liquid is 
duly evaporated . so as to crystallize the 
phosphate of soda; but if there be not a 
sHgbt excess of alkali, the crysUls wiU not 
be large and regular. M. Funcke, of Linz, 
reeommends, as a more economical and 
expeditious mode^ to saturate the excess 
of lime in calcined bones by dilate sulf^u- 
rie acid» and dissolve the phosphate of 
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hme that rcaoAtm in nitric add. To tliis 
solution lie adds an equal quanti^ of sul- 
phate of soda, and recorera the nitric acid 
by distillation. He then sepatmtes the 
pboq»bate of ^^oda from the sulphate of 
lime byelutriation and crystallization, as 
usual. The crystals are rhomboidal prisms 
of different shapes; efflorescent; soluble 
in 3 parts of cold and 1^ of hot water* 
They are capable of betnf^ fused into an 
opaque white glass, which may be ag^in 
djssolved'and crystallized. It may be con- 
Tcrted into an acidttlous phosphate by an 
addition of acid, or by either of the strong 
acids, which partially, but not wholly, de- 
compose it. As its taste is simply nJine, 
without any thing disagreeable, it is much 
used as a pm^tive, diiefly in broth, in 
which it is not distingfoii^able ivom com- 
mon salt. For this elegant addition to oor 
pharmaceutical preparations, we are in- 
debted to Dr. Pearson: fn assays with the 
blow-pipe it is of great utifit^ ; and it has 
been used instead of borax for soldering. 

The phosphate of ammoma erystallizes 
in prisms with ibur regular sides, termi- 
nating HI pyramids, and sometimes in bun- 
dles of smsdl needles. Its taste is cool, sa* 
line, pungent, and urinous. On the fire it 
comports itself like the preceding' species, 
except that the whole of Its base may be 
driven off by a continuance of the heat, 
leaving only the add behind. It is but lit- 
tle more soluble in hot water than in cokl» 
which takes op a fouf^ of its weight. It 
is pretty l^ndant in human urine, par- 
ticulariy after it is become putrid. It is aa 
exceflent flux both for assayaand the blow* 
pipe, and in the fabrication of coloured 
glass and artificial gems. 

PhosphsEte of magnesia ciystaHizesin ir* 
regular hexaedral prisms, obliquely tmit- 
cated ; but is commonly pulverulent, as k 
efflcH^sees very quickly. It requires fif^ 
parts of water to disserve it. Its taste is 
cool and swedtish. litis salt too is found 
inimne. Poumoy and Vauquetin have 
discovered it likewise in small quantity in 
the bones of varimis animais, though not 
in those €i£ ram. The beft way of prepar- 
ing it -is by misiog equal parts of the softn- 
tions of phosphate of soda and sulphate of 
magnesia^ aoa leaving them some time at 
rest, when the phosphate of magneaawftl 
ciyirtaliizei «id leave the sulphate of soda 
disserved. 

An ammomaeo-magnesian phosphate has 
been discovered in an intestinal calculus 
of a heme by Foorcroy, and since by Bar* 
tboldi, and hfeewise by the former in some 
human urinary calculi. Notwithstanding 
the sohd^ilitv of the phoephate of ammo- 
nia, this triple salt is fn less soluble than 
the phospluite of magnesia. It is partially 
decomposable into phosphorus by 
coal, in consequence of its ammonia. 



The phospiiate of gludne has been et* 
amined by Vauquelin, who informs us, that 
it is a white powder, or mucilaginous mass, 
without any perceptible taste; foible, 
but not decomposable by heat ; nnaltenu 
ble in the air; and insoluble unless in an 
excess of its acid. 

It has been observed, that tlie phospho- 
ric acid,' aided by heat, acts upon silexf 
and we may add, that it enters into roanf 
artificial g^ms in the state of a siliceous 
phosphate. 

Acid (Patfssfc). The combination of 
this acid with iron was long known and 
used as a pigment by the name of prussian 
blue, before its nature was understood. 
Maequer -first found, that alkalis would de- 
compose Prussian blue, by separating the 
iron from the principle, with which it was 
combined in it, and wlueh he suppfised to 
be phlogiston. In consequence, the prus:- 
siate of potasli was long (filled phiogiHi' 
cated aihaU, Bergmann, however, from a 
more scientific consideration of its proper- 
ties, ranked it among the acids ; and as 
eariy as 177% Sage announced, that this 
animal acid, as he called it, formed with 
the alkalis neutral salts, that with potash, 
forming octaedral crystals^ and that with 
soda, rhomboids or hexagonal laminx. 
About ttie same time Scheele instituted a 
series of sagaeioua experim^itsj not only 
to obtain the acid sepante, which he ef- 
fected, but also to ascertain its constituent 
prini^ples. I'hese, according to him, am 
ammoniaand carbon ; and Beidiollet there- 
after added, that its triple base consists of 
hydrogen and aaote, nearly, if not precise^ 
ly, in die proportions that form mnmonia. 
Mid carbon. BerthoUet could find no oxy- 
gen in any of his experiments for decom- 
posing this acid. 

Scheele's method is this : Mi jc four oun- 
ces of prussiMi blue with two' of red oxide 
of mercury prepared by nitric acid, and 
bml tiiem in twelve ounces by weight of 
wster, till the whole becomes colourless; 
filter the liquor, and • add to it one ounce 
<tf (dean iron filings,. and six or seven drams* 
of sulphuric acid. Dvaw off by distillation 
about afoufth of the liquor, which will be 
pnissic acid ; thoun^ as it is liable to be 
contaminated with a portion of sulphuric^ 
to render it piu«, it may berectified by 
redistifiing it from carbonate of lime. 

This prussic acid has a strong smell of 
peach olossoms, or bitter almonds; its 
taste is at first sweetish, then acrid, hot, 
and virulent, and excites cougliing ; it has 
a strong tendency to assume the form of 
gas ; it has been decomposed in a high 
temperature, and by the contact of light, 
into carbonic acid, ammonia, and carbu- 
retted hydrogen. It does not completely 
neutralize alkahs, and is displaced eiren by 
the carbonic acid; it hie no action upon 
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forms Mits for tbe most inrt Insoluble; it 
likewise unites into triple salts with these 
oxides and alkalis ; the oxygenated muri- 
Atic acid decomposes it. 

The peculiar smell of the pnusic acid 
could scarcely fail to su^pgest its affinity 
with the deleterious principle that rises in 
the distillation of the leaves of the lauro* 
cerasus, bitter kernels of fruits, and some 
other vegetable productions; and M. 
Schrader of Berlin has ascertained tfaefact, 
that these vegetable substences do con- 
tain a principle e^ble of lbniiin|^ a blue 
precipitate with iron; and that with hiBe 
they afford a test of the presence of iron» 
equal to the ptussiate of that earth. D«» 
Bucholz of Weimar, and Mr. Roloff of 
Magdeburg, confirm this fact. Thepruasic 
•eid appears to come over in the distilled 
oil. 

* Prussic add and its combinations have 
been lately investigated by M, Gay-Loasao 
and Vauquelinin France, and Mr. PorretC 
in Bng^nd, wha have happily suceeeded 
in removing in some measure the veil 
which continued to hmg ever ^s depart^- 
ment of chemistry. 

To a quantity of powdered prussian 
Hue diifused in boiling water, let red oxide 
of m^vury be added in «iccesHve porticmB 
till the colour is destroyed. Filter the 
liquid, and concentrate by evaporation tHl 
a pellicle appears, ttn eooting, crystals 
of prussiate or cyanide of mercmy will be 
formed.' Dty diese, and put them into a 
tubulated b^msa retort, to the beak of 
which is aikipted a horixontal tube about 
two feet long, and fully half an indi wide 
at its middle part. The first tlurd part of 
the tube next the retort is filled wkh 
small pieces of white marblej the two other 
thirds with fused muriate of lime. To 
the end of this tube is adapted a small 
receiver, which shoakl be artificially 
refrigerated. Poor on the ciystils, muri- 
atic acid, in rather less quantity than is 
suffidem to saturate the oxide of mercury, 
which formed them. Apply a very gentle 
heat to tbe retort. Prussic acid, named 
hydrocyanic by M. Gay-Lussac, will be 
evolved in vapour, and will condense in 
the tube. Whatever muriatic acid may 
pass over with it, will be abstracted by the 
marble, while the water will be absorbed 
by the muriate of time. By means of a 
moderate heat apf^ed to the tube, the 
prussic acid may be made to pass succes- 
sively along ; and after being left some 
time in contract with the muriate ofliflae, 
it may be finally driven into the receiver. 
As the carbonic acid evolved from marble 
by the muriatic is apt to carry oW some of 
the prussic acid, care should be taken to 
conduct the heat so as to prevent the 
distHiation of this mineral acid. 



Pimiic fteid tb«s obtiSiied faa« ihe 
following properties. It is a colouriess 
liquid, possessing a strong odour rand the 
^^alatum, if incautioialy snufied up the 
nostrils, may produce sldbiess or Anting. 
Its taste is co<^ng at first, then hot, as- 
thenic in a high degree, and a true poison^ 
lU specific gravity- at 4^^, is 0.7058 ; at 
W it is 0.6969. It boils at 81^^ and con- 
geab 9^ about 3^. It then ciystallizes 
regularly, and affects sometimes the 
fibrous fom (xf nitrate of ammonia. The 
eold which it produces, when reduced 
into vapour, even at the temperature €jf 
68^, is suffident to congeal it. This 
phenomenon is eanfy produced by putting 
a small dfop at the end of a riip of paper 
or a glass tube. I'hougfa repeatedly recti* 
fied on pounded marble, it retmns the 

blue with titflms. The red colour disapo 
peats as the acrd evaperates. 

The specific gravity of its vapour, ex- 
perimentally compared to that of air, is 
0.9476. By ovulation from its constitu- 
ents, its true n>ecific gravity comes out 
0.9360, whi€ifa difrers frcmi the preceding 
number by only one-hundiedtfa part. 
This small density of prussic acid, com* 
p«ed with its great volatility, furnishes a 
new proof that the density of vapours 
does not depend upon the boiling p<nnt 
of the Uquids that furnish them, but upon 
tiieir peculiar constituti<iln. 

M. Gay-Luasae analyzed this acid by in* 
troducing its vapour at the teftiperatnre 
of 86^ into a jar, two4hird8 filled with 
oxygen, over warm mercury. When the 
temperature of the mercury was reduced 
to that of the ambient air, a determinate 
volume of the gaseous mixture was taken 
and WMhed in a station of potadi, which 
abstracts the prussic acid, and leaves the 
oxygen. This gaseous mixture may after 
tills inspection, be employed without any 
chanoe that the prussic adld will condense, 
provided l^e temperature be not toe low ; 
W during M. Gay-Lussac's experiments 
it was never under 71i**. A known vol- 
ume was introduced into a Vctoi's eudi- 
oneter, with platina wires, and an elec- 
tric ^aric was passed apposs the gaseous 
mixture. The combustion is lively, and 
of a bluish wh^e colour. A white prussic 
vapour is seen, and a dnninution of volume 
takes place, which is ascertained by 
measum^ the retndue in a graduated 
tube. This being waAed with a solution 
of potaab or barytes, suffers a new di- 
minution from the absOTption of the car- 
bonic acid giUi formed. Lastly, the g^as, 
which the a&ali has left, is analyzed over 
Vater by hydrogen, and it is ascertained 
to be a mixture of nitrogen and oxygen, 
because this last gss was employed in 
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The fiiUewaigaFe tlie nmdtB, xcfetred 

to prussic acid vapour. 
Vapour, .... 100 
Diminution after combustion, • 783 
Carbonic acid gas produced, 101.0 
Nitrofpen, . . . « 46.0 
Hydrogeu, .... 55.0 

During the combuation a quantity of 
oxygen disappears, equal to about li of 
Uie vapour employed. The carbonic acid 
produced represents one volume •» and the 
other fourth is supposed to be employed 
in forming waier; for it it impossible to 
doubt that hydrogen enters into the com> 
position of pmssic acid. From the laws of 
chemical proportions, M. Gay-Lussac con-, 
dudes that prussic acid vapour contains* 
just as much carbon as will fonn its own 
bulk of carbonic acid, half a volume ci 
nitrogen, and half a volume <^ hydro- 
gen. l*his result is evident for the cai^ 
bon ; and though, instead of 50 of nitro- 
gen and hydrogen, which ought to be the 
numbers according to the supposition, he 
obtained 46for the first, and 55 for the se- 
cond, he ascribeathe chscrepaney to apoi^ 
tion of the nitrogen having combined with 
the oxygen to form mtric acid. 

The density of caibonic acid gas being, 
aecoiding to M. Gay-Lussac, 1.5196, and 
that of oxygen 1.1036, the dennty of the 
vapour of carbon is 1^196* -« 1.1036 mm 
0.41 60. Hence IvolmneearboB,— 0.4160 

Haifa volume of hydrogen, — 0.0366 

Half a Tokune of nkrogen, — 0.4845 

Sum, -* 0.93n 

ThuB, accorcUng to the analytical state- 
ment, the density <^ prossic vapour is 
0.9371, md by direct experiment it was 
found to be 0.9476. It may tb^refofe b^ 
inferred from this near coincidence, ^at 
prussic acid vapour contains one volume 
of the vi^Krar of carbon, half a volume of 
nitrogen, and half a volume of hydrogen, 
condensed into one vcrfume, and that no 
other substance enters into its composition. 

M. Gay-Lossac confirmed the above de* 
teraunatSon, analyztng pmssic acid by 
passing its vapour through an ignited por- 
celain tube containing a coil off fine iron 
wire, which fiu^ilitates the deeoraposilion 
of this vapour, as does it with ammonia. 
Mo tcace of oxygen could be found in 
ptusttc a<nd. And again, by transmitting 
the acid in vq>OQr over ig^ted peroxide 
of copper in a porcelain tube, he came to 
fhe same condusiim with rega^rd to its con- 
coostitnents. Theyare>' — 

One volume of the vapour of carbon. 

Half a vcdume of hydrogen, 

Hslf a volume of nitrogen, 
condensed into one volume ; or in weig^t^ 



Carbon, - - 44.39 

Nitrogen, 51.71 

Hydrogen, 3.9(1 

100.00 

This acid, when compared with the otl^ 
er aniroal products, is distinguislied by the 
great quantity of nitrogen it contains, by 
its small' quantity of hydrogen, and espe^ 
cially by the absence of oxygen. 

When this acid is kept in well-closed 
vessels, even though no air be present, it 
is sometimes decomposed in less thui an 
hour. It has been occasionally kept 15 
days without alteration ; but it is seldom 
that it can be kept longer, without ex- 
hibiti^ signs of decomposition, it begins 
by assuming a reddish brown colour, 
which becomes deeper and deeper, and it 
gradually deposites a consideraole carbo- 
naceous matter, which gives a deep colour 
to both water and acids, and emits a stronn^ 
smell of ammonia. If the bottle containing 
the prussic acid be not hermetically sealed^ 
notlring remains but a dry charry mass, 
which g^ves no colour to water. Thus a 
prus»ate of ammonia is formed at the ex- 
pense of a part of the acid, and an azoturet 
of carbon. When potassitun is heated in 
prussic acid vapour mixed with hydrogen 
or nitro^n, there is abso^tion without in- 
flammation, and the m^tal is converted 
into a gray spongy substinice, which meh^ 
and aanimes a yellow colour. 

Supposing the quantity of potasnom 
employed capable of disengaging from 
water a volume of hydrogen equal to 50 
parts, we find after the action of the po- 
tassium,^ 

1. That the gaseous mixture has experi- 
eneed a diminution of volume amounting 
to 50 parts : 3. On treating this mixture 
with potash, and analyzing uie residue by 
oxygen, that 50 parts of hydrogen have 
been produced: 3. And consequently 
that the potassium has absorbed 100 parts 
of prussic vapour; for there is a diminu- 
tion ei 50 parts, which would obviously 
have been twice as ^at had not 50 part* 
of hydrogen been disengaged. The yel- 
low matter is prussiate of potash ; prbper- 
^ a prusside of potassium, analogous in its 
formation to the chloride and iodide, when 
muriatic and hydriodic gases are made to 
act on potassiinn. 

The base of prussic acid thus divested 
of its acidifying hydrogen, should be call- 
ed, agreeably to the same chemical anar 
logy, prussine. M. Gay-Lussac styles it 
cyanogen, because it is the principle which 
generates blue; or literally, the blue^ 
maker. 

Like muriatic and hydriodic acids als<^ 
it contains half its volume of hydrogen. 
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^iaee meUHic solutions, nitnitM of silTer, 
and mcTcuiy, and carbonate of silver. The 
first 18 white, the second black, the third 
green beconunff blue. In the Anfials of 
Phil, for May 1820, Dr. Thomson g^vesan 
account of some metallic precipitates by a 
substance of a crystalline nature, which he 
obtained in tlie sublimation of j^ssian 
blue at a red heat, and which he reckons 
h ydrocyanate of ammonia. But the nature 
of the substance is by no means demon- 
strated; and the precipitates differ so 
much from those ofScheele as to justify 
scepticism. Free prussic acid, for example, 
gives with nitrate of mercury a black pre- 
cipitate; while Dr. Thomson's cr^-stals 
give a white- Vauquelin found the crys- 
tals that sublime from prussian blue to be 
ammoniacal carbonate, and not hydrocy- 
anate. 

The hydrocyanatesare all alkaline, even 
when a great excess of acid is employed 
in their formation ; and they are decom- 
posed by the weakest acids. 

The nydrocyanate of ammonia crystal- 
lizes in cubes, in small prisms crossing 
each other, or in feathery crystals, like 
the leaves of a fern. Its volatility is such, 
that at the temperature of 71 J**, it is capa- 
ble of bearing a pressure of 17^72 inches 
of mercury ; and at 97** its elasticity is 
equal to that of the atmosphere. Unfor- 
tunately this salt is charred and dccom- 
Sosed with extreme facility. Its great vo- 
ktility prevented M. Gay-Lussac &om de- 
termining the proportion of its constitu- 
ents. What is known of the cyanides or 
pnissides will be found under prussine, or 
llieir bases. M. Gay-Lussac considers prus- 
sian blue as ahydrated cyanide of iron, or a 
cyanide having water in combination ; and 
M. Vauquelin, in a memoir lately read be- 
fore the Academy of Sciences, regards 
prussian blue as a simple hydrocyanate of 
iron. He finds that water impreg^iated 
with cyanog'en can dissolve iron without 
changing it mto prussian blue, and without 
the disengagement of any hydrogen gas, 
while prussian blue was left in the undis- 
solved portion. But hydrocyanic acid con- 
Verts iron or its oxide into prussian blue 
without the help either of alkalis or acids. 
He conceives that cyanogen acts on iron 
and water as iodine does on water and a 
base ; and that a gtamio acid is formed 
which dissolves a part of the iron, but al- 
so and at the same time hydrocyanic acid, 
which changes another part of the iron in- 
to prussian blue. He farther lays it down 
as a i^eneral rule, that those metals which, 
like iron, decompose water at the ordina- 
ry temperature of the atmosphere, form 
hydrocyanates ; and that those metals 
which do not possess this power, as silver 
and quicksilver, foiin only cyanides. Are 
we to regard the cyamc acid of M. Yau- 



quelin as a compound of one prime xtfoxy- 
gen, and one of cyanogen, or in other 
words, one of oxygen, two of carbon, and 
and one of nitrogen P 

According to M. Vauquelin, veiy com* 
plex changes take place when gaseous 
cyanogen is combined with water, which 
leave the nature of cyanic acid involved in 
great obscurity. The water is decompos- 
ed ; part of its hydrogen combines with 
one part of the cyanogen, and forms hy- 
drocyanic acid ; another part unites with 
the nitrogen of the cyanogen, and forms 
ammonia ; and the oxygen of the water 
forms carbonic acid, wim one part of the 
carbon of the cyanogen. Hydrocyanate, 
carbonate, and cyanate of ammonia, are 
also found in the liquid; and there still 
remain some carbon and nitrogen, which 
produce a brown deposite. Four and a half 
parts of water absorb one of gaseous cyano- 
gen, which communicates to it a sharp 
taste and smelly but no colour. The solu- 
tion in the course of some days, however, 
becomes yellow, and afterwards brown, in 
consequence of the intestine changes re- 
lated above. 

Hydrocyanic acid is separated from pot- 
ash by carbonic acid ; but when oxide of 
iron is added to the potash, M. Gay-Lussac 
conceives that a triple compound, united 
by a much more energetic affinity, results, 
constituting what is usually called prus- 
siate of potash, or prussiate of potash and 
iron. In illustration of this view, he pre- 
pared a hydrocyanate of potasli and silver, 
which was quite neutral, and which crys- 
tallized in hexagonal ]>lates. The solution 
of these crystals precipitates salts of iron 
and copper, white. Muriate of ammonia 
does not render it turpid ; but muriatic 
acid, by disenga^ng hydrocyanic aci4, 
precipitates chlonde of ^ver. Sulphu- 
retted hydrogen produces in it an analo- 
gous change. This compound, says M. 
Gay-Lussac, is evidently the triple hydro- 
cyanate of potash and silver ; and its for- 
mation ought to be analogous to that of 
the other triple hydrocyanates. " And as 
we cannot doubt,** adds he, " that hydro- 
cyanate of potash and alver is in reality, 
Crom the mode of its formation, a compound 
of cyanide of silver and hydrocyanate of 
potash, I conceive that the hydrocyanate 
of potash and iron is likewise a compound 
of neutral hydrocyanate of potash, and 
subcyanide of iron, which I believe to be 
combined with hydrocyanic acid in the 
white precipitate. We may obtain it per- 
fectly neutral, and then it does not decom- 
pose alum ; but the hydrocyanate of pot- 
ash, which is always alkaline, produces in 
it a light and flocculent precipitate of alu- 
mina. To the same excess of alkali we 
must ascribe the ochry colour of the pre 
cipitates which hydrocyanate of potaSh 
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fbnns ixrith the persalts of iron. Tlius the 
remarkable fact, which ought to fix the at- 
tention of chemists, and which appears to 
me to overturn the theory of Mr. Poirett, 
is, that hydrocyanate of potash cannot be- 
come neutral except when combined with 
the cyanides.*** 

• Acid (Chloboctakic, or CHioiiopRta- 
sic). M. BerthoUet (Uscovered, that when 
hydrocyanic acid is mixed with chlorine, it 
acquires new properties. Its odour is 
ipuch increased. It no longer forms Prus- 
sian blue with solutions of iron, but a green 
precipitate, which becomes blue by the 
addition of sulphurous acid. Hydrocyanic 
acid thus altered had acquired the name 
of oxypntssic, because it was supposed to 
have acquired oxygen. M. Gay-Lussac 
subjected ft to a minute examination, and 
found that it was a compound of 6qual vo- 
lumes of chlorine and cyanogen, whence 
he proposed to distinguish it by the^ name, 
ofchlorocyanic acid. To prepare this com- 
pound he passed a current of chlorine into 
solution of hydrocyanic acid, till it destroy- 
ed the colour of sulphate of in<tigo ; and 
by agitating the liquid with mercury, he 
deprived it of the excess of chlorine. By 
distillation, afterwards, in a moderate heat, 
an elastic fluid is disengaged, which pos- 
sesses the properties formerly assigned to 
oxyprusric acid. This, however, is not 
pure chlorocyanic acid, but a mixture of it 
with carbonic acid, in proportions which 
vary so much, as to make it difficult to de- 
termine them. 

When hydrocyanic acid is supersaturat- 
ed with chlorine, and the excess of this 
last is removed by mercury, the licjuid con- 
tains chlorocyanic and muriatic acids. Hav- 
ing put mercury into a glass jar till it was 
3-4thsfuH, he filled it completely with that 
add liquid, and inverted the jar in a vessel 
of mercury. On exhausting the receiver 
of an air pump containing this vessel, the 
mercury sunk in the jar, in consequence 
of the elastic fluid disehgaged. By de- 
grees the liquid itself was entirely expel- 
led, and swam on the mercury on the out- 
side. On admitting the air the liquid could 
not enter the tube, but only the mercury, 
and the whole elastic fluid condensed, ex- 
cept a small bubble. Hence it was con- 
cluded that chlotocyanic acid was not a 
permanent gas, and that, in order to remain 
gaseous under the pressure of the air, it 
must be mixed with another gaseous sub- 
stance. 

The mixture of chlorocyanic and carbo- 
nic acids, has- the following properties. It 
is colourless. Its smell is very strong. A - 
very small quantity of it irritates the pitui- 
tary membrane, and occasions tears. It 
reddens litn^, is not inflamnjiable, and 
docs not detonate when mixed with twice 
its bulk joi oxygen or hydrogen. Its den- 



sity, determined by calculation, 'is 2,1H, 
Its aqueous solution does not precipitate 
nitrate of silver, nor baiytes water. The 
alkalis absorb it rapidly, but an excess of 
them is necessary to destroy its odour. If 
we then add an acid, a strong efferves- 
cence of carbonic acid is produced, and 
the odour of chlorocyanic acid is no longer 
perceived. If we add an excess of lim^. 
to the acid solution, ammonia is disengage 
ed in abundance. To obtain the green 
precipitate from solution of iron, we must 
begin by mixing chlorocyanic acid with 
that. solution. We then add a little potash*, 
and at last a little acid. If we add the al- 
kali befoie the iron, we obtain no green 
precipitate. 

M. Gay-Lussac deduces for the compo- 
sition of clilorocyanic acid JL volume of car- 
bon + J a volume of azote + i a volume. 
of chlorine ; and when decomposed by the 
successive action of an alkali and an acid, 
it produces 1 volume of muriatic acid gas 
+ 1 volume of carbonic acid + ^ volume 
of ammonia. The above three elements 
separately constituting two volumes, are 
condensed, by forming chlorocarbonic acid, 
into one volume.- And since one volume 
of chlorine, and one volume of cyanogen, 
prodube two volumes of chlorocyanic acid, 
the density of this last ought to be the hall; 
of the sum of the densities of its two con- 
stituents. Density of chlorine is 2.421, 
density of cyanogeoe 1.801,. half .; sum v« 
2.111, as stated above : Or the proportions . 
by weight will be 3.375 -= a prime equiv- 
alent of cyanogen + 4.45 « a prime qf 
chlorine, giving the equivalent of chloro- 
cyanic acid — 7.825. 

Chlorocyanic acid exhibits with potaa? 
sium almost the same }>henQmena as cya^» 
ogen. The inflammation is equalfy slptv, . 
and the ips diminishes as much in volume. 

The directions given b>^ Dr. Thomson 
for forming chlorocyanic acid intlie second 
volume of liis System, 5th edition, p. 27^* 
are apparently erroneous. He seems to 
have mistaken M. Gay-Lussac's ingenious 
plan for proving that this new acid is not 
naturally gaseous, for the process of ob- 
tsuning the acid itself, as prescribed both 
by him and M. Thenard. The chloropy- 
anic and carbonic acids which come over 
in distillation, are to be condensed in 
water, or received over mercury. But the 
requisite process of distillation is not even 
hinted at by Dr. Thorosom .whose. Aloro* 
cyanic acid must be a mixture of chloro- 
cyanic and muriatic acids.* 

• Acid (FfiRuoPAussYc). Into a sola-, 
tion of the amber-coloured crystals, usual- 
ly called prussiate of potash, pour hydro- 
sulphuret of barytes, as long as any pre- 
cipitate falls. Throw the whole on a fil- 
ter, and wash the precipitate with cold 
water. Dry it 8 and havmg dissolved 1 W 
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f^fi^ in cold witer, add fmdxaSfy 30 of 
conceatnted tu]]jhuric acid; agitate the 
mixture, and set it aside to repose. The 
aupematant liquid<-ts ferroprussic acid, cal- 
led by Mr. Porrett, who had the merit of 
discovering it, ferruretted chyazic acid. 

It has a pale lemon yeOow colour, but 
no smell. Heat and light decompose it. 
Hydrocyanic acid is then formed, and white 
fisrropru^siate of iron, which soon becomes 
blue. Its affinity for the bases enables it 
to displace acetic acid, without hea^ from 
the acetates, and to form feiroprusaates. 
When a saline solution contains a base 
with which the ferroprussic acid forms an 
insoluble compound, then, agreeiUily to 
Berthollet's pnnciple, it is capable of sup- 
planting iti acid. When ferroprussiate of 
sbda is exposed to TolUdc electridty, the 
acid is evolved at the positive pole, with 
its constituent iron. Mr. Porrett consid- 
ers this acid «* as a compound of 

4 atoms carbon -» 30.00 
1 atom azote — 17.50 
1 atom iron «» 17 50 

1 atom hydrogen i* 1.25 

This sum represents the weight of its 
prime equivalent Ferroprussiate of pot^ 
ash, and of bar^s, will each, therefore, 
according to bun, consist, of an atom of 
acid + an atom of base + two atoms of 
water. 

Dr. Thomson says, in his System, *^ From 
the analysis of Mr. Porrett it appears, that 
tins acid is composed of 

Cyanogen, 8.904 
Iron, 3.500 

** This approaches to three atoms of 
cyanogen and one atom of iron. If we 
suppose thb to be .the real constitution of 
the acid, its constituents will be 

Cyanogen, 9.75 

Iron, 3.50 

<*But such a composition is quite 
irreconcileable to the equivalent number 
for ferrocyanic acid, derived from the 
anaiysis of the ferrocyanate of barytes. 
This salt, according to the experiments 
of Mr. Porrett, is composed of 

Ferrocyanic acid, 34.31 6.813 

Barytes, 49.10 9.750 

Water, 16.59 

100.00 

" We see that by this analysis the equiva- 
lent number for ferrocyanic acid is 6.813. 
Now this agrees very nearly with the 
supposition that the acid is a compound 
of one atom cyanogen + one atom iron. 
For the weights of an atom of these 
bodies are as follows: 

Cyanogen, 3.25 

Iron, 3.5 



*<The difference between 6<75 and 
6.813 does not exceed one per cent. I 
am disposed, therefore, to consider this 
as the true constitution of ferrocyanic 
acid." 

It is a real misfortune to chemical stu- 
dents, when so elaborate a systematist as 
Dr. Thomson so readily scatters around 
him precipitate and dog^matical judgments, 
on discussions of such importance and 
delicacy as the present. Tnere were no 
reasonable founds whatever for peremp- 
torily deciding, as he did, that the ferruret- 
ted chyazic acid of Mr. Porrett was a 
simple cyanide of iron, or a compound of 
cyanogen and iron. The mere similarity 
of two numbers, viz. the sum of the atoms 
of cyanogen and iron, and the equivalent 
of Mr. Porrett's acid, were apparently the 
chief, and surely veiy frivolous motives, 
for that erroneous determination. 

Mr Porrett expresses himself thus, in 
the Ann. of Phil, for September 1818. 
** It is a great satisfiu;tion to me to find 
that Dr. Thomson has abandoned the 
opinion which he entertained, that the 
ferruretted chyazic acid contained no hy- 
drogen, and was a compound of cyanogen 
and iron only ; an opinion which induced 
him to name it, in his System of Chemis- 
try, the ferrocyanic acid and its salts 
feiTocyanates. I was perfectly convinced!, 
from many circumstances that occurred 
during my first experiments, that this 
opinion was erroneous, and should have 
combated it when it appeared in his Sys- 
tem, had I been Ibnd of controversy, or 
been able to find time for carrying on 
such a course of experiments, as would 
perhaps have been requisite to produce 
conviction in others. As it was, t con- 
tented myself with expressing to my 
chemical friends, my dissent from Dr. 
Thomson's opinion on this subject ; and I 
can venture to assure him, that whenever 
he makes experiments with the sulphuret- 
ted chyazic acid, he will be convinced 
that it also contains hydrogen, and that 
the names sulphocyanic, and sulphocyan- 
ates, are quite inappropriate ; equally so 
are the names proposea by Dr. Henry of 
ferroprussic, and sulphuretted prussic 
acids, as these names imply, that the 
prussic acid is contained m these com- 
pounds, instead of being merely the re- 
suit of a new play of affinities when they 
are decomposed." 

How little room there is for arbitrary 
decrees on every thing regarding the 
prussic combinations, we may readily 
judge, when we consider that M. Gay- 
Lussac, and M. Vauquelin, two of the first 
chemists of the age, have been led, after 
a series of admirable researches, to form 
views totally inconsistent with those re- 
sulting from Mr. Porrett's very ingeniouji 
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a^eximents. On the Tebtlons of pKsA^ 
acid and iron, the following obsenration§ 
by M. Vauquelin are important. Hydro- 
cyanic acid diluted with water, when pUu 
ced in contact with iron in a glass vessel 
standing over mercury, quickly produces 
Prussian hlu^ while, at the same time, hy- 
drogen gas is given out. The jgreatest 
part <j£ me prussian blue formedin that 
operation* remains in solution in the liquid. 
It appears only when the liquid comes in 
contact with the air. This shows us that 
prus^an blue, at a minimum of ozidize- 
raent, is soluble in hydrocyanic acid. Diy 
hydrocyanic acid, placed in contact witn 
iron imng^. undergoes no change in its 
colour nor smell; but the iron, which be- 
comes agglutinated together at the bottom 
of the vessel, assumes a brown colour. Af- 
ter some days, the hydrocyanic acid being 
separated from the iron, and put in a smaU 
capsule under a glass jar, evaporated with- 
out leaving any residue. Therefore it had 
dissolved no iron. Hydrocyanic acid dis- 
solved in water, placed in contact with 
hydrate of iron, obtained b^ means of pot- 
ash, and washed with boiung water, fur- 
nished pxussian blue immediately, without 
Hke addition of an^ acid. Scheele has 
made mention of this fact. When hydro- 
cyanic acid is in excess on the oxide of 
iron, the liquor which floats over the prus- 
nan blue assumes, after some time, a beau- 
tiful purple colour. The ]iquor» when 
evaporated, leaves upon the ed^ of tiie 
dish circles of blue, and others of a pur- 
ple colour, and likewise crystals of this 
last colour. When water is poured upon 
these substances, the purple-coloured bo- 
dy alone cUssolves, and gives the liquid a 
fine purple colour. The substance which 
remains undissolved is Prussian blue, which 
has been held in solution in the hydrocy* 
anic acid. Some drops of chlorine let fall 
into tins liquid change it to blue, and a 
greater quantity destroys its colour entire- 
ly. It is remarkable that potash poured 
into the liquid thus deprived of its colour» 
occasions no precipitate whatever. 

Chemists will not fiul to remark, from 
these experiments, that hydrocyanic acid 
does not form prussian blue directly with 
iron; bat that, on the addition of water, 
(circumstaaceB remuning the same) prus- 
sian blue is produced. They wiH remark, 
likewise, that cyanogen united to water 
dissolves iron. This is confirmed by the 
inky taste which it acquires, by the disap- 
pearance of its colour, and by the residue 
which it leaves when evaporated; yet 
Prussian blue is not formed. These first 
experiments seem already to show that 
pfussian blue is a hydrocyanate, a^ not a 
cyanide. 

The ammoma, and hydrocyaiue acid, 
^tuengaged during the whole duxatbn of 



the combustion of prusaiaa. blue, fpve m 
new support to the opinion, that this sub- 
stance IS a hydrocyanate of iron; and like* 
wise the results which are furnished by 
the decomposition of prussian blue by 
heat in a retort, show clearly that it con* 
tains both oxygen and hydrogen, which 
are most abundant towards the end, long 
after any particles of adhering water must 
have been dissipated. 

We shall conclude this subject with a 
comparison of Dr. Thomson's and Mr, 
Porrett's latest results^ In the Annals of 
Phil, for August 1818, we have a paper by 
Dr. Thomson, detailing numerous expen- 
ments which he had performed to ascer- 
tain the constitution of prussiate of potash 
and iron. ** From this analysis," says he, 
'< it follows that the acid in the triple salt 
(not reckoning the iron) is composed of 
Carbon, 0.6579 42.51 

Azote, 0.7175 46.37 

Hydrogen, 0.1722 11,12 

1.5476 100.00 

*'From the preceding analyas, we see, 
that the triple prussiate of potash is com- 
posed as follows: 



45.90 



^^^ t Gaseous matter, 30,9 j 
Potash, ' - - 41.64 

Water, - - - 13.00 



100.54 

<'We see, from the preceding analyms^ 
that one-third part of tiie acid consists of 
iron, while two-thiids of its weight con- 
sists of carbon, azote, and hydrogen. The 
smallest number of atom% which agrees 
neariy with the preceding proportions of 
the ingredients, is the following: 

3 atoms carbon » 1.50 41.379 
1 atom azote « 1.75 48.277 
3 atoms hydrogen « 0.375 10.344 

3.625 lOO.OOO*' 

Mr. Porrett, besides his communica- 
tions to the Royal Society in 1814 and 
1815, which Dr. Thomson justly describes 
** as very ingenious and important experi- 
ments, and conclusions respecting this 
acid," published two or three papers in 
the Annals of Philosophy, one of uttm in 
September 1818, already quoted, and an- 
other in October 1819. I'he latter pre- 
sents us with experiments of the same na- 
ture as Dr. Thomson's, from which the 
following inferences are drawn. 

«« Collecting now from the preceding 
experiments the proportions of all the 
constituents of 100 gr. of ferrochyazate of 
potash,, they appear as follows : 
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AiSi 




"M^it, - 41.688*. 

{Iron, 12.60 
Carbon 22.64 
Azote, 13.32 
Hydrogen, 0.80 
Water, - - - 13.00 

104.04 

Being a surplus of fotxr gndiis, anting from 
liie unavoldaMe inaccuracies m determin- 
ing experittietitally, on smaH portions of 
the salt, Ae proportions of so many con- 
stituents. 

*« These Inaccuracies ar6 easily removed 
by the application of the atomic theory ; 
for, by takhig as our guide the weights of 
the atoms of each of the elements, wft 
obtain the following numbers : 

1 atom potash, - 60. 40.34 
^>atomirori, 1T.S 11.76 

. carbon, 30.0 20.17 

.azote, 17.5 11.76 

..hydrogen 1.250 0.84 

2 atoms irater, - - 22.50 15.13 

lat-feriwchyatateofpctash, 148.75100.00 
Which doubtless gives the true propor- 
tions of the several elements of this salt.*' 
" We are now entitled to consider the 
atom of ferrochyazic acid as composed of 
4 atoms of carbon « 30.00 45.3 • 
1 atom of azote — 17.5 26.4 
1 atom of hydrogen » 1.25 1.89 
1 atom of iron — 17.5 26.4 

66.25 99.99" 
The discordanees of these two sets of 
results, are such as to destroy all confi- 
dence in them. Thus, Dr. Thomson, 
finds 15 per cent of iron; and Mr. Porett's 
corrected quantity of that metal, per cent, 
is only 11 J, a difference quite absurd in 
the present state of chemical analysis. 
Here follows a tabular compaiison, of the 
acid constituents, exclusive of the iron : 
Dr. Thomson. Mr. Porrett. 
€arbon, 42.51 61.54 

Azote, 46.37 35.90 

Hydrogen, 11.12 2.56 

100.00 100.00 
It haa been supposed that Mr. Potrett's 
new aoid is nouimg^ but a hydrocyanate 
or prussiate of iron, wliich, from the mula- 
hility 4if its constituents, is easily decom.. 
posed by heat and light; and that the 
only permanent compound which that 
acid forms lain triple salts. This is the 
old opinion^ and also the present opinion, 
of several eminent chemists.. These 'Com« 
pounds w«' shall caU rerropruasiates. M. 
Vauquelin and M. Thenard style them . 
ferruginous -pnissiates. 
Ferroprusnate .of p9ta^* Into an efgg^ 



fihapped iron pot; brought to modemte 
ig^tion, project a mixture of good pearl- 
ash and drjr animal matters, of which 
hoo6 and hems are beat, it the proportion 
of two parts of the former to five of the 
latter. Stir them well wkh a flat iron 
paddle. The mixture, as it calcines, will 
grtfdaally assume a pasty form, during 
which trknsition it must be tossed about 
with much manual labour and dexterity. 
When the conversion into a chemical 
compound is seen to be completed by 
the cessation of the fetid animal vapours^ 
remove the pasty mass with an iron 
ladle. 

If this be thrdwn, while hot, into water* 
some of the prusstc kcid will be converted 
into ammonia, and of course the usual )>ro- 
duct diminished. Allow it to cool, dis- 
solve it in water, clarify the solution by 
filtration -or subsidence, evaporate, and, 
on cooling, yellow crystals of tlie ferro* 
pfttssiate of potash will form. Separate 
these, rediflsolve them in hot water* and 
by allowing 'the solution to -cool very 
slowly, larger and veiy regular crystals 
may be had. This salt is n«w manufac- 
tured in several parts of Great Britain, on 
the large scale; and therefore the ex- 
perimental chemist need not incur the 
trouble and nuisance of its pBeparatk>n. 
Nothing can exceed in beauty, purity, and 
peirfbcaon, the crystals of it prepared at 
Oampsie^ by Messrs Macluntcsh and 
Wilson. 

An extemporaneous ferropmsmKte of 
potaah may at any timebe made, by acting 
on prus^n blue, with pure carbonate of 
potash, prepared frcMn the ignited bicar- 
bonate or bitartrate. The blue should be 
previously digested, at a moderate heat, 
for an hour or two in its own weight of 
sulphuric acid diluted with five times its 
weight of water; then filtered, and 
thoroughly edulcoiated by hot water, 
from the sulphiBic acid. Of this purified 
pmssian blue, add successive portions to 
the alkaline solution, as long as its colour 
is destroyed, or while it conbinues to 
change from blue to brown. Filter the 
liquid, ssftuiate the slight alkaline excess 
with acetic acid, concentntte by evapor- 
ation^ and allow it slowly to co<H. .Qua* 
dran^lar bevelled crystals- of the feiro- 
prussiate of potash will form. 

This salt is transpareirfe, and of a beau- 
tifbl lemon or topaz yeUow. Ita specific 
gravity is 1.830. It has a sating coohng^ 
but net unpleasant taate. In large crystals 
it possesses a certain kind of toughness, 
and, in thin scsUes, of elasticity. The 
irichnsition of the bevelled side to the 
plane of the crystal is about 135«. It loses 
about 13 per cent of water, when moder« 
ately heated; and then appears of a white 
colour, as happens to the greea cppperas • 
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bat it does not melt like tiw fslt. The 
crystals reUin theic figure till the heat 
verges on ignition. At a red heat it 
blackens, but, from the mode of its for- 
mation, we see that even that temperature 
IS compatible with the existence of the 
acid, provided it be not too long contin- 
ued. Water at 60** dissolves nearly one- 
tliird of its weight of the crystals ; and at 
the boiling point, almost its own weight. 
It is not soluble in alcohol ; and hence, 
chemical compilers,, with needless scru- 
pulosity have assigned to that liquid the 
hereditary sinecure of screening the s^t 
from the imaginary danger of atmospheri- 
cal action. U is not altered by the air. 
Exposed in a retort to a strong red heat^ 
it yields prussic acid, ammonia, carbonic 
acid, and a coaly residue con^sting of 
«harcoal» metallic iron* and potash. When 
dilute sulphuric or muriatic acid is boiled 
on it, prussic acid is evolved, and a very 
abundant white precipitate of proto- 
prussiate of iron and potash fiills, which 
afterwards, treated with liquid chlorine, 
yields a prussian blue, equivalent to fully 
one-third of the salt employed. Neither 
sulphuretted hydrogen, Uie hydrosul- 
phurets, nor infusion of galls, produce any 
change on this salt. Ued oxide of mer- 
cury acts powerfully on its solution at a 
moderate heat. Prussiate of mercury is 
formed, which remains in solution ; while 
peroxide of iron and metallic mercury 
precipitate. Thus we see that a portion 
of the mercurial oxide is reduced, to carry 
the iron to the ma^mum of oxi(hzement. 

The solution of ferroprussiate of potash 
is not affected by alkalis; but it is decom- 
posed by almost all the salts of the perma^ 
nent metals. The following table presents 
a view of the colours of the metallic pre- 
dpitates thus obtained. 

Solutions of Give a 

Manganese, White precipitate. 

Protoxide of iron. Copious white. 
Deutoxide of iron, Copious clear blue. 
Tntoxide of iron. Copious dark blue. 
Tin, . White, 

ainc. White. 

Antimony, , White. 

Uranium, Blood coloured. 

Cerium, White. 

Cobalt, Grass green^ 

Utanium, Green. 

Bismuth, White. 

Protoxide of copper. White. 
Deutoxide of copper. Crimson brown'. 
Nickel, Apple green. 

Lead, White. 

Deutoxide of mercury. White. 
Silver, . White, passin^^ to 

blue, in the air. 
Palladium, Olive. 

Rhodium, Platinum, 

and Gold,- Nonei^ 



if sqpe of these precq^tates^ifior 4 

pie those of maijiganeee or copper, be di* 
gested in a solution of ootash, we obtain a 
ferroprussiate of potasn and iron exacdy 
similar to what is formed by the action ii 
the alkaline solution on prussian blue. 
Those precipitates, therefore, contain a 
quantity of iion. I think this fact is very 
favourable to the theory of Mr. Ponett^ 
and scarcely explicable on. any other sup- 
portion. Tlus salt .is composed of the 
IbUpwing constituents, by me latest aaa^ 
lyses. 

Mr.Ponett. Dr. Thomson. 
Potash, 40.34 41.64 

Ferrodiyazic acid, 44 J3 45.90 

Water, 15.13 13.00 

100.00 100J4 

The small excess in the latter sum, Dr. 
Thomson thinks, may be equally divid^ 
among all the ingredients. We ahaU then 
have for his analysis : 

Potash, 41.41 

Acid. 45.67 

Water, 12.92 

100.00 
We have seen the enormous discrepant 
cies with regard to the estimates of the ul- 
timate acid constituents by these two ex- 
perimentalists i and if we consider the di* 
rectness and simplicity of the methods by 
which the primary constituents of the salt 
may be ascertained, the above differences 
also seem too g^eat. By a well regulated 
desiccation, the water of crystalnzatioa 
may be pretty nearly determined; and the 
concumng results of experimera give for 
^ts ^uaotit)r 13 per cent. Now the action 
of nitric acid properly conjoined widi that 
of heat, should decompose and dissipate 
the nseous part of the acid, and convert 
the iron into an insoluble peroxide ; the 
weight of potash may then be exactly de-> 
termined,nrstby saturation with acid, and 
secondly, by the weight of resulting salt. 
In fact had Mr. Porrett adhered to his ex- 
perimental numbers, and not modified 
them by his atomical notions, we shoul4 
have had the following result^ which ave 
probably correct 

Potash, 41.68 

Water, 13.00 

Ferrochyazic aaid» 45.32 

100.00 

And fh)m this real analysis, we dedupe 
directly from the proportion of potash^aa 
41.68, the apparent prime eqmvalent of 
iUs neutral salt to be -» 14.29 ; or rather 
its double, 28.58. 

If we make it 28.275, then we would 
have the following hypothetical arrangeo 
ment of proptortions, 
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SpiteestTpobtth, i. 11.900 43.04 

3do.ofi«iTochyuicadd,«-13.000 4596 
S6o.a£w$XeT, — 3.375 12.00 

28:275 100.00 

We have treated the subject of the fer- 
Yopnusiate of potash at eonsidemble de- 
tail, nnce it is one of the most valuable 
re-ag^nts, which the chemist possesses, in 
metallic analysis. 

FerropntMiate oftoda may be prepared 
Irom Prussian blue, and pure soda, by a 
mmilar process to that prescribed for the 
preceding: salt. It crystallizes in four-u- 
ded prisms, terminated hj dihedral sum- 
mits. They are yellow, transparent, have 
a bitter taste, aira effloresce, losing in a 
warm atmosphere 37} per cent. At 55^ 
they are sohible in 4} parts of water, and 
in a much less quantify of boiling water. 
As the solution cools, ciystals separate. 
Their specific gravitv is 1.458. They are 
nid by Dr. John to be soluble in alcohoL 

Ferropnunate ofttmemsiy be easily form- 
ed from Prussian blue and lime-water. Its 
lolution yields crystidline grains by evapo- 
xation. 

Ferropnuaiate tfharytet majr be formed 
in the same way as the preceding species ; 
or much more elegantly by Mr. Porrctt's 
process, described already in treating of 
the fexToprusnc acid. Its crystals are 
xhomboidal prisms, of a yellow colour, and 
soluble in 3000 parts of cold water, and 
100 of boiling water. By Mr. Porrett's 
second account of this salt, it is composed 
fif 

Exper*t. Theory. 
Acid, 41.5 41.49 1 atom 84.84 

BaTytes,47.5 47.44 1 atom 97.00 

Water, 11.0 11.07 2 atoms 22.64 



100.0 



100.00 



204.48 



These results were given in the Annals 
of Philosophy for September 1818. In Dr. 
Thomson's System, published in October 
181?, we have the following statement : — 
« Mr. Porrett has analyzed this salt with 
much precision. According to his espe- 
ximents, it is composed of 



Ferrocyanic acid, 
Barytes, 

Water, 



34.31 
49.10 
16.59 



100.00" 
In the Annals for October 1819, Mr. 
Porrett gives as its true proportions, 
1 atom rerrochyazic acid, 66.25 ^S.GQ 

1 atom barytes, 97. 52.22 

2 atoms water, 22.5 12.12 

185.75 100.00 
The discrepancies are angular^ with « 



feubstanee so unalterable and so eanly as* 
eertuned as batytes ; for Dr. Thomson's 
quotation gpves of this substance 49.1 per 
cent. ; the second account makes it 47.5 ; 
and the last 52. 22. The quantity of bary- 
tes may be determined absolutely, without 
being deduced from, or entangled with, 
the estimate of water or acid. 

Ferroprutriate of gtrontittn and magnesia 
have also been made. 

FerropruMoate of iron. With the pro- 
toxide ojfiron and this acid we have a white 
powder, which, on exposure to air, be- 
comes blue, passing into deutoferroprusaate 
ofiron, or prussian olue. We have already 
described the method of making the fer- 
roprussiate of potash, which is the first step 
in the manufiu:ture of this beautiful pig- 
ment. This is usually made by mixing to- 
gether one part of the ferroprusnate of 
potash, one part of copperas, and four 
parts or more of alum, eacn previously dis- 
solved in water. Prussian blue, consist- 
ing of the deutoferroprussiate of iron, mix- 
ed with more or less alumina, precipitates. 
It is afterwards dried on chalk stones, in a 
stove. 

Pure Prussian blue is a mass of an ex- 
tremely deep blue colour, insipid, inodo- 
rous, and considerably denser Uian water. 
Neither water nor alcohol has any action 
on it. Boiling solutions of potash, soda, 
lime, barytes, and strontites decompose it ; 
forming^ on one hand soluble ferroprus- 
siates with these bases, and on the other 
a residue of brown deutoxide of iron, and 
a yellowish brown subferroprussiate of 
iron. This last, by means of sulphuric, ni- 
tric, or muriatic acid, is brought back to 
the state of a ferroprussiate, by abstracting 
the excess of iron oxide. Aqueous chlo- 
rine channs the blue to a green in a few 
minutes, if the blue be recently precipitat- 
ed. Aqueous sulphuretted hycfrogen, re- 
duces the blue ferroprussiate to the white 
protoferroprussiate. 

Its igneous decomposition in a retort has 
lately been executed by M. Vauq^uelin with 
minute attention. He rej^ards it as a hy- 
drocyanate or mere prussiate of iron ; but 
the changes he describes are very com- 
plex, nor do they invalidate Mr. Porrett's 
opinion, that it is a combination of red ox- 
ide of iron, with a ferruretted acid. The 
general results of M. Yauquelin's analysis, 
were hydrocyanic acid, nydrocyanate of 
ammonia, an oil soluble in potash, crystal- 
line needles, which contained no hydrocy- 
anic acid, but were merely cari)onate of 
ammonia ; and finally, a feireous residue 
slightly attracted by the magnet, and con- 
taining a little undecomposed prussian 
blue. If we are to regard prussian blue 
as a deutoferroprussiate of iron, then by 
Mr. Poirett's latest considerations^ itwoidd 
be composed of 



AOI 



AGI 



1 stom acid, — 6.GS5 35.1 

1 atom red oxide, —10.000 53.0 

2 atoms water, — 2.350 11.9 

18.875 100.0 

Dr. Thomson, after reporting it from Mr. 
Porrettto consist of 

Acid, 53.38 6.75 

Peroxide of iron, 34.23 4.328 
Water, 12.39 

100.00 
Ihinksit Ukefy that the true eompontion is, 
Ferrocyanic add, 6.75 
Peroxide of iron, 5.00 
Proust, in the Annales de Chimie, ¥oL 
be. states, thai 100 parts c^ prussian blue, 
without alum, yield 0.55 of red oxide of 
iron by combustion; and by nitric acid, 
0.54. 100 of pnissiate of potash and iron, 
he further says, afford, after digestion ¥rith 
sulphuric or nitric add, 35 parts of prus- 
sian blue. If we compare with this, Mr. 
PcHTctt's earliest estimate of 34.23 per 
sent of ferreous peroxide, besides the third 
of the weight ol the acid, — 17.79, which 
being metallic iron, is equivalent to 25.4 of 
peroxide, we shall have the sum 59.63, as 
the quantity of peroxide in 100 of prussian 
blue, calling the atom of iron 3.5, and of 
peroxide 5.0. Or if we take Dr. Thom- 
son's correction, we have the following 
numbers, supposing it to consist of 
1 atom acid, 6.75 48.2 
1 peroxide, 5.00 35.7 

3 water, 2.25 16.1 

14.00 100.0 

or perhaps 

1 atom add, 675 52.3 

1 peroxide, 5.00 39.0 

1 water, 1.125 6.7 

12.875 100.0 
To the 35.7 of peroxide base in the first, 
if we add 23 for the equivalent of peroxide 
in its acid, we have 58.7 for the whole per- 
oxide in 100 gr. ; and to the 39 of peroxide 
in the second, it* we add 25 for the equiva- 
lent peroxide in the aeid, we have the sum 
of 64 ; both, quantities c<m8iderably greater 
than Mr. Proust's.* 

* SuLPHVBSFBUssic AciD ; the sulphu^ 
retted chyazic acid of Mr. Porrett. 

Dissolve in water one part of sulphuret 
of potash, and boil it for a considerable 
time with three or four paits of powdered 
Prussian blue added at intervals^ Sulphu- 
ret of iron is formed, and a colourless liquid 
containing the new acid combined with 
potash, mixed with hyposulphite, and sul- 
phate of potash. Render this liquid sen- 
sibly ^our, by the addition of sulphuric 
add. Continue the boiling for a little, and 
when it cools, add a little peroxide of 
loanganese in fine powder, whidi will give 
Toui* [18], 



the Kqnid a fine crimson otAoaiL Tot!l»> 
filtered Uquid add a solution containing 
persulphate of copper, and protosulphate 
of iron, in the proportion of two of the for- 
mer salt to three of the latter, until the 
crimson colour disappears. Sulphuro- 
prussiate of copper falls. Boil this with a 
solution of potash, which wttl separate the 
copper. *Distil the liquid mixed with sulr 
phuric acid in a glass retort, and the pecu- 
liar acid will come over. By saturation 
with carbonate of barytes,andthenthrow» 
ing down this by the equivalent quantity 
of sulphuric acid, the sidphuroprussic add 
is obtained pure. 

It is a transparent and colouriess liquid, 
possessing a strong odour, somewhat re- 
sembling acetic acid. Its specific gravity 
is only 1.022. It dissolves a little sulphur 
at a boiling heat. It then blackens nitrate 
of silver ; but the puro add throws down 
the silver white. By repeated distillation^ 
sulphur is separated and the acid is de- 
composed. Mr. Porrett, in the Annals of 
Phil, for May 1819, states the composiuon 
of this acid, as it exists in the sulphuretted 
chyazate of copper, to be 

2 atoms sulphur, — 4.(K)0 
2 caroon, —1.508 

1 azote, — 1.754 

1 hydrogen, — 0.132 

7.394 
This is evidently an atom of the hydro* 
cyanic acid of M. Gay-Lussac, combined 
with 2 of sulphur. If to the above we add 
9. for an atom of protoxide of copper, we 
have 16.394 for the prime equivalent of the 
metallic salt. When cyanogen and sul- 
phuretted hydrogen wero mixed together 
t^ M. Gay Lussac in his researches on the 

Srusmc principle, he found them to con- 
ense into yellow acicular crystals. Mr. 
Porrett has aince remarked, that these 
crystalsare not formed when the two ^es 
are quite diy, but that they are quickly 
produced if a drop of water is passed up 
uito the mixture. He does not think their 
solution in water corresponds to liquid 
sulphuretted chyazic acid ; it does not 
change the colour of litmus ; it has no ef- 
fect on solutions of iron; it contains nei- 
ther prussic nor sulphuretted chyazic acid, 
yet this acid is formed in it when it is mix- 
ed first with an alkali and then with an acid. 
The same treatment does not form any 
prussic acid. 

The facility with which the atomic hy- 
pothesis may bo twisted to any theoretical 
perversion, is well exemplified in the fol- 
lowing passage : — <* The weight of an atom 
of hydrocyanic acid is 3.375, and that of 
an atom of sulphur 2. But 6.328" (Mr. 
Porrett's first proportion of sulphur) ** not 
being a multiple of two, this sUtement 
does not acQord w«ll with th^ at9BUP thqo^. 
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lif. It^grtetiMidi better with ttetiulo- 
wff if we suppose ^e add to be a com* 
pound of sulpbur and c^ranogen. Ita con- 
stitution will then be. 
Sulphur, 1.20 100 6.09 

Cvuiogen, 0.64 53.3 3.35 

Tqus we sec that it is a eompoond of 1 
atom of cyanogen and 3 atoms of sulphur." 
Thomson's System, Vol. ii. p. 392. 

This procedure looks more like leger- 
demain than philosophical research. Had 
Br. Thomson contented himself with sav- 
ing that the statement of Mr. Poirett did 
not accord with the atomic theoiY, he 
would have said right ; and there he should 
have left the matter, or have instituted 
expenmeat9 to settle the point. But to 
create a new g^nus of compounds, sulphur 
and cyanogen, and erect it into a new acid, 
on such a frivolous conceit,, throws an air 
of ridicule on the science. Nay further, 
the Doctor describing M. CSay-Lussac's 
eiystalUne compound of sulphiuetted hy- 
diwen and cyanogen, says^&at «* as &ras 
its description goes^ this substance agrees 
ezac^ with the sulphuretted chyasic 
acid of Ifr. Porrett. If we abstract the hy- 
drogen of the su^uretted hydrogen, 
which probably did not enter into the com- 
position of the compound, itwiU be acom- 
pound of 1 atjom cyanogenj and 1^ atom 
sulphur, or in whole numbers of 2 atoms 
cyanogen and 3 atoms sulphur.. So that it 
will contain just half the quantity of sul- 
phur which Mr. Porrett found.?' M.Gay- 
Lussae expressly states that the yellow 
needles obtained from the joint action of 
cyanogen and sulphuretted hydrogen, are 
^composed of one vtdume of cyanogen, 

So that instead of containinr no h^rogen, 
this substance contains halt a^volume mvre 
than hydrocyanic acid. 

The sulphuroprussiates have been ex- 
amined only by Mr. Porrett That of the 
red oxide of iron is a dehquescent salt, of 
a beautiful crimson colour. It may be ob- 
tained in a soKd form by an atmosphere 
artifici^ dried. A concise account erf" 
these s4N is given in the 5th Vol. of the 
Annals of Pbilos.* 

• AeiB (Ptrnpvmic). The excrements of 
tiie serpent Moa Constrictor ^ consist of pure 
Fithicacid. Dr. Prout found that on digest- 
in|f this substance thus obtained, or from 
Hnnary calenli, in dilute nitric acid, an ef- 
fervescence takes place, and the lithio 
acid is ^ssolved, forming a beautiful pur- 
pie liquid. The excessef nitric said being 
neutralized with ammonia, and the whc^e 
eoncentrated by dow evaporation, the eo- 
lour of the solution becomes of a deeper 
purple, and dark red gruiukr crystals, 
sometimes of a greenish hue externally, 
aeon begin to separate in abundance. 
Ihese vTfMk are a con^omid cf avmo^ 



nla iMk the acid piindple la qx 

The ammonia was displaced by digestinir* 

the salt in a solution of caustic potash, tm 



the red colour entirely disappeared. This 
dkaline solution was then gndually drop* 
ped into dilute sulphuric acid; which* 
uniting with the potash, left the acidpiin-- 
ciple in a state of purity. 

This acid principle ialfteirisa praduced. 
from lithic acid by chlorine, and also» but 
with more difficulty, by iodine. Dr. Prout^ 
the discoverer of this new add has, at the 
sttgp^estion of Dr. WoUaston, called it pur- 

Eunc acid, because its saline compounda 
Rve for the most part a- red or purple co- 
lour.. 

This«acid, a»obtainedlMr the prececfing^ 
process, usually exists in the fcnm of a very 
nne powder, of a slightly yellowish or 
cream colour ; and when examined with a. 
magnifier, espedallv under watery appears, 
to possess a pearly luslze. It haa no smell». 
nor taste. Its spec. gmv. is considerably 
above water. It ia<scarc^ soluble in wa- 
ter. One-tenth, ofanain, boiled for a ooQ- 
siderable time in 1000 grains of water, wa» 
not entirely dissolved^ The waiter, how- 
ever, assumed a pmvlfe tint, prabablv, Dr.. 
Prout thinks, from the formation of a lit- 
tle purpurate of ammonia. Purpuric acid 
is insoluble in alcohol and ether. The 
mineral acids dissolve it only when they 
are concentrated. It does not affect litiiiu» 
paper. By igniting it in contact with oxide 
of copper, he determined its composition 
to be, 

3 atoms liydrogei^ 0.250 - - 4.54 
2 carbon, 1.500 - - 27.27 

2 oxygen, S.00O • • 36.36 

1 axote, 1.750 - - 31.81 

7s^ 99.98 

purpuric acid combines with thealkalis» 
alkaline earths, and metallic oxides. It is 
capable of expeffing carbonic acid from 
the alkaline carbonates by the assiatance 
of heat, and doea not combine with any 
ether acidi These sa« circumstances suffi- 
cient, as Dr. Wbllaston observed, to dis- 
tinguish it from an oxid^ and to establish- 
its character as an acid. 

PurpureUe of ammonia crystalhses in 
quadrangular prisms, of a deep garnet-red 
colour. It is sohiUe in 1500 parts of water 
at 60^, and in nrodi less at the boiling 
tempersture. The solutioa is of a beautr* 
ful deep carmine, or rose-red colour. It 
haa a dightly sweetish taste, but no smell. 
Purpurate of potash is mudi more soluble ; 
of soda is lesa$ that ef Kme is nearly in- 
soliMe ; those of strontian and lime are 
dightly soluble. AH the soluttons have 
the characteristic colour. Purpumte of 
magnesia is very solnble ; and in solution, 
ofav^beautind eolour. A solution of 
«cetat« of dttc pvoducta with purpurate 
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ofsmnoiutt a sdntkm «nd pfrecipitate dfm. 
beautifalgold-ydlow colour; and a moat 
bnllMBt indeacent pdlide^ in which gtttm. 
and yellow predoimiiafte, fomaon the am* 
&ce cxTthe aokrtimL l>r. Prout concehrea 
the aalta to be auhydfoua, or void of wa- 
ter, and compoaed of twoatmns of add 
and one of base. The purpuric acid and 
ha cempounds probably constitute the ba^ 
sea of many animal and vegetable coloura. 
The well known piidc sediment which 
^nendly appears in the urine of thoae 
Jabouring^ under febrile affectiona, appeara 
to owe ita colour chiefly to the purpurate 
of ammonia, and perhaps occasioiialty to 
the purpurate of soda. 

The aolttdon of Jithic acid in<nitric acid 
«taina the akin of a permanent colour* 
whidi becomes of a deep purple on es- 
posure to the sun. Tbeae i^pacently sound 
experimental deductiona of Dr. Prout, 
have been. called in question by M. Yau- 
'^Qithn; but Dr. Prout aacribea H. Van- 
quefin's failure, in attmapting to psocure 
purpuric add, to Ida havinf^ operated on an 
impure iitbic add. We thmk entire confi- 
dence may be put ia Dr. Proof a eiqieri- 
ments. Heaaya that it is (tifficnlt to obtain 
-purpuric acid ftom the litluc add of urina- 
ry comaetions — BUi> Tratu. for 1818. 
•MdJIimab •fPML vol. 14.* 

AcB (PTaoiiovotJs). In ^e daatruo- 
Hwe diatyiation of any kindof wood, an 
acid ia obtained, which waa foimeriy dtX- 
^kAaad^dpH cfwood, and auiee pyrc^j^ 
noua add. ^Ponrcroy and Vauquehn 
-ahowed that this add waa merely the ace- 
tic, contaminated with enmyreumatic oil 
and bitumen. See Aoxtio Acm. 

Under acetic acid will be found a Mi 
account of the production and purification 
-of pyrolignous add. We shall add here^ 
.that M. Monge discovered, about two 
years a|^ that this acid has the property 
of preventing the decompoaitioa of anhnal 
•Bttbstaneea. It is sufficient to plunge meat 
for a few moments into this acid, even 
aygbtty empyreumatic, to preaerve it as 
long as you please. ** Putrdbction," it is 
8ai£ ** not only stops, but retrogradea.'' 
To the en^yreumatic oil a part in this ef- 
fect haa been ascribed ; and hence has 
been accounted for, the agency of smoke 
in the preservation of tongues, hams, her- 
rings, Stc. Dr. Jorg of Leipsic has entirely 
recovered several anatomical preparations 
-from incipient coiruption by pouring this 
add over them. With the empyreumatic 
dl or tar he haa smeared pieces of flesh 
already advanced in decay, and notwith- 
slanding that the weather was hot, they 
aoon b^ame dry and sound. To the above 
•atatements llr. Ramsay of Glasgow, an 
eminent manufacturer of pyrolignouaadd, 
and well known for the purity of his vine- 
.^gvffom wcNsdi haareeanthr^ddadthe^l- 



lowinglaelss iirtiie 5th number ofTthe S^ 
inburgh PhilosojphicalJoumal. If fish be 
aimply dipped in rediatilled pyrolignous 
acid, of the specific g^vity 1.013, and af- 
terwards dried in the shade, they preserve 
perfectly well. On boiling herrings treat* 
ed in this manner, thev were very agreea- 
ble to the taste, and had notlring of the 
disagreeable empyreuma which those of 
his eariier experiments had, which were 
steeped for three hours in the add. A 
number of veiy fine haddocks were clean- 
ed, split, and dightly sprinkled with salt 
for aix hours. Aner being drained, thef 
were dipped for about three seconds in 
pyrolignous acid, then hung up in the 
shade for six days. On being broiled, the 
fish were of an uncommonly fine flavour, 
and delicately white. Beef treated in the 
aame way, had the same flavour as Ham- 
burgh bed^, and kept as well. liCr. Bamsar 
has since found, that his perfectly purifi- 
ed vinerar, spedfic gravity 1.0^ oeing 
applied by a cloth or sponge to the sur- 
face of msh meat, makes it keep sweet 
and sound for several days longer in sum- 
mer than it otherwise would. Immersion 
fora minute in ^s purified common vine* 
Ipar, spedfic ^vily 1.009, protects beef 
jmd fish from lul taint in aummer, provided 
they be hung up and dried in ^e shade. 
When, by frequent use, the pyrolignous 
add has become impure, it may be clari- 
fied by bea&ig up twenty gallons of it 
with a dosen m<e^ in the usual manner, 
and heating the mixture in an iron bdlet. 
Before boiling, the eggs coagulate, and 
4>ring the impurities to the sumce of the 
boiler, which are of course to be carefully 
akimmed dff. Theacidmustimmediately be 
withdrawnfrom the bdler^asit acts on iron.* 
*A€iD (Ptbomtwc). When uric acid 
eoncretions are distilled in a retort, ailveiy 
white platea subfime. These are pyrolith- 
«te dT ammonia. When their solution is 
poured into that of subacetate of lead, a 
P3npolithate of lead fiills, which, after pro- 
per washing, ia to be shaken with water, 
and decomposed by sulphuretted hydro- 
gen ffsa. llie supernatant liquid ianow a 
solution of pyrolitflic acid, which yields 
small adcular crystals by evaporation. By 
heat these melt and sublime in white 
needlea. They are soluble in four parts of 
cold water, and the solution reddens veg^ 
etable blues. Boiling alcohol dissolves the 
acid, but on cooling it deposites it, in small 
white grains. Nitric acid dissolves without 
changing it. Hence, f>yrolithic is a differ- 
ent acid from the lithic, which, by nitric 
acid, is conveitible into purpurate of am- 
monia. The pyroHthate orlime crj'stallizes 
in stalactitea, which have a bitter and 
slightly acrid taste. It consists of 91. 4 acid 
4- 8.6 lime. Pyrdithate of baiytes is a 
neariy insoluble p0w4er. The salts of pot* 
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«di, Mfda, and ammonia* «re'soliib1e» and 
the former two ctystallizable. At a red 
heat, and by passing it over if^ited oxide 
of copper, it is decomposed, into oxygen 
44.32, carbon 28.29, azote 16.84^ hydro- 
gen 10.* 

* Aciv (Ptroxauc). 'When malic or 
sorbic acid, for they are the same, is dis- 
tilled in a retort, an acid sublimate, in 
white needles, appears in the neck of the 
retort, and an acid liquid distils into the 
receiver. This liquid^ by evaporation, 
affords crystals, constituting a peculiar 
acid, to which the above name has been 
given. 

I'hey are permanent in the air, melt at 
118^ Fahr., and on cooling, form a pearl 
coloured mass of diverging needles. When 
thrown on red hot cods, they completely 
evaporate in an acrid, cough-excittng 
smoke. Exposed to a strong heat in a re- 
tort, they are partly sublimed in needles, 
and are partly decomposed. They are 
vexy soluble in strong alcohol, and in dou- 
ble their weight of water, at the ordinary 
temperature. The solution reddens vege- 
table blues, and yields white flocculent 
precipitates with acetate of lead and nir 
trate of mercuty ; but produces no pre- 
cipitate with lime-water. By mixing it 
with bazytes-water, a white powder faUs, 
which is redissolved by dilution with wa- 
ter, after which, by gentle evaporation, 
the pyromalate of barytes may be obtain- 
ed in silvery plates* These conust of 100 
acid, and 185.143 barytes, or in prime 
equivalents, of 5.24+ 9.76. 

Pyromalate of potash may be obtained 
in feather formed crystals, which deli- 
quesce. Pyromalate of lead forms first a 
white flocculent precipitate, soon passing 
into a semi-transparent jelly, which by di- 
lution and filtration from the Water, yields 
brilliant pearly looking needles. The 
white crystals that sublime in the original 
distillation, are considered by M. Laa- 
saigne as a peculiar acid.* 

* Acid (Ptbotartabic). Into a coated 
glass retort introduce tartar, or rather tar- 
taric acid, till it is half full, and fit to it a 
tubulated receiver. •Apply heat, which is 
to be gradually raised to redness. Pyro- 
tartaric acid of a brown colour, from im- 
purity, is found in the liquid products. 
We roust filter these through paper pre- 
viously wetted, to separate the oily mat- 
ter. Saturate the liquid with carbonate 
of potash ; evaporate to dryness ; redis- 
solve, and filter through clean moistened 
|)aper. By repeating this process of eva- 
poration, solution, and filtration, several 
times, we succeed in separating all the 
oil. The dry salt is then to be treated in 
a glass retort, at a moderate heat, with 
dilute sulphuric acid. There passes over 
bito the receiven ^t of all a liquor con- 



tumnnf evidently acetic add; hutiimnrd» 
the eml of the distillation, there is con« 
densed in the vault of the retort, a white 
and foliated sublimate, which is the pyro* 
tartaric acid, perfectly pure« 

It has a very sour taste, and reddens 
powerfully the tincture of turnsole. Heat- 
ed in an open vessel, the acid rises in. a 
white smoke, without leaving the char- 
coaly residuum,* which is left in a iretort. 
It is veiy soluble in water, from which it 
is separated in crystals by spontaneous 
evaporation. The bases combine with it» 
forming pyrotartrates, of which those of 
potash, soda, ammonia, barytes, strontites» 
and lime, are very soluble. That of pot- 
ash is deliquescent, soluble in alcohol, ca- 
pable of crystallizing in plates, like the 
acetate of potash. This p3rrotartxate pre- 
cipitates both acetate of lead and nitrate 
or mercury, whilst the acid itself precipi- 
tates only the latter. Bose is the discover- 
er of this acid, which was formerly coii- 
founded with the acetic* 

* Acid (Rosasic). There is deposited 
from the urine of persons labouring under 
intermittent and nervous fevers, a sedi- 
ment of a rose colour, oocanonally in red- 
dish crystds. This was first discovered 
to be a peculiar acid by M. Proust, and 
afterwards examined by M. VauqueHn. 
This acid is solid, of a lively cinnabiff hue, 
without smell, with a faint taste, bat red« 
dening litmus veiy sensibly. On bumiog 
coal it is decomposed into a pungent va- 
pour, which has not the odour of burning 
ammal matter. It is very soluble in water, 
and it even softens in the air. It is solu- 
ble in alcohol. It forms soluble salts 
with potash, soda, ammonia, barytes^ 
stxontites, and lime. It gives a slight 
rose-coloured precipitate with acetate of 
lead. It also combines with Uthic acid* 
forming so intimate a union, that the lithic 
acid in precipitating fi?om urine carries the 
other, thou^ a deliquescent substance, 
<down along with it. It is obtained pure 
by acting on the sediment of urine with 
alcohol. See Acid (Pirapuaic).* 

* Acid (Saclactic). See Acid (Mucic).* 

* Acid (Sebacic). Subject, to a con- 
siderable heat,7 or 8 pounds of hog's lard, 
in a stoneware retort capable of holding 
double the quantity, and connect its beak 
by an adopter with a cooled receiver. 
The condensible products are chiefly fat, 
altered by the fire, mixed with a little 
acetic and sebacic acids. Treat this pro- 
duct with boiling water several times, agi- 
tating the liquor« allowing it to cool and 
decanting each time. Pour at last, into the 
watery liquid, solution of acetate of lead in 
excess. A white flocculent precipitate 
of sebate of lead will instantly fall, which 
must be collected on a filter,, washed, and 
dried. Put the sebs^ of lead into a phial 
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liid pour 11)9011 it its own weigilt of mlfkbit* 
lie acid, diluted with five or atx times it* 
weight of water. Expose this phial to a 
heat of about 2129, The sulfamic acid 
combines with the oxide of lead» and seta 
the sebacic acid at libexty. Filter the 
whole while hot. As the liquid cools, the 
sebacic acid crystallizes, which must be 
WBshedi to free it completely from the 
adhering sulphuric acid. Let it be then 
dried at a gentle heat. 

The sebacic add is inodorous ; its taste 
is slight, but it perceptibly reddens lit^ 
mus paper; its specific gravity is above 
that of wateTx and its crystals are small 
white needles .of little coherence. Ex- 
posed to heat, it melts like fat, is decom- 
posed, and partially evaporated. The 
sir has no efiect upon it. It is much more 
soluble in hot than in cold water; henca 
IxMline water saturated with it, assumes 
a neany solid consistence on coohng. Al- 
cohol dissolves it abundantly atordinaiy 
temperature. 

With the alkalis it forms soluble neutral 
salts ; but if WQ pour into their concentra^ 
ted solutions, sulphuric, nitric, or muriatic 
acids, the sebacic is immediately deposited 
in large quantity. It affords precipitates 
with the acetates and nitrates of lead* 
mercury, and silver. 

Such is theaocount given by M. Thenaid 
•f this add, in the 3d volume of his Traits 
de Cluaue, published in 1815. Berzelius, 
inl 806^ published an elaborate dissertation^ 
to prove that M. Thenard's new sebadc 
acid was only the benzdc, contaminated 
by the fat, from which, however, it may 
be freed, and brought to the state of com- 
mon benzoic acid. M. Thenard takes no 
notice of M. Berzelius whatever, but con- 
cludes his account by stating, that it has 
been known only for twelve or thirteen 
years, aund that it must not be confounded 
with the add formerly called sebadc, 
which possesses a strong disgusting odour, 
and was merely acetic or muriatic acid, 
or fat, which had been changed in some 
way or other, according to the process 
used in the preparation.* 

* Acid ^Sobbic^. The add of apples, 
called mabc, may be obtained most conve- 
niently and in greatest purity from the 
berries of the mountain a^ called aorbua, 
^fpyrwt aucupariOf and hence the present 
name, sorbic add. This was supposed to 
be a new and peculiar add by Mr. Don- 
ovan and M. Yauquelin, who wrote good 
dissertations upon it. But it now appears 
that the sorbic and pure malic adds are 
identical. 

Bruise the ripe berries in a mortar, and 
then squeeze them in a linen bae. They 
yield nearly half thdr weight of juice, of 
the specific gravity of 1.077. This viscid 
juice, by remdiUDg for about a foitnight 



in ft wim tempetature, experiences tlui 
vinous fermentation, and would yield a 
portion of alcohol . By this change, it ha» 
become bright, dear, and passes easily 
through the filter, while the sorbic acid 
itself is not altered. Mix the clear juice 
with filtered solution of acetate of lead* 
Separate the precipitate on a filter, an^ 
wash it with cold water. A large quan« 
tity of boiling water is then to be poured 
upon the filter, and allowed to drain into 
glass jars. At the end of some hours, the 
solution depoutes crystals of great lustre 
and beauty. Wash these with cold water, 
dissolve them in boiling water, filter,, and 
crystallize. Collect the new crystals, and 
boil them for half an hour in 2.3 times 
their wdght of sulphuric add, specie 
gravity 1.090, supplying water as fast as 
it evaporates, and stirring the mixture 
diligently with a glass rod. The clear 
liquor is to be decanted into a tall narrow 
glass jar, and while stiU hot, a stream of 
sulphuretted hydrogen is to be passed 
through it. "When the lead has been all 
thrown down in a sulphuret, the liquid is 
to be filtered, and then boiled in an open 
vessel to dissipate the adhering sulphu- 
retted hydrogen. It is now a solution of 
sorbic scid. 

When it is evaporated to the consistence 
of a sirup, it forms mammelated masses oi 
a crystalline structure. It still contains a 
Gonriderable quantity of water, and de& 
quesces when exposed to the air. Its so- 
lution is transparent, colourless, void of 
smeU, but powerfidly acid to the taste. 
Lime and barytes waters are not precipi- 
tatedby solution of the sorbic acid,althouG;h 
the sorbate of lime is nearly insoluble. 
One of tlie most characteristic properties 
of this acid, is the pi*edpitate which it gives 
with the acetate of lead, which is at first 
white and flocculent, but afterwards as- 
sumes a brilliant crystalline appearance. 
With potash, soda, and ammoma, it forms 
crystaUizable salts containing an excess of 
acid. That of potash is deliquescent. Sor- 
bate of barytes consists, according to M. 
Yauquelin, of 47 sorbic acid, and 53 bary* 
tes in 100. Sorbate of lime well dried, ap- 
peared to be composed of 67 add -f 33 
lime — 100. Sorbate of lead, which in 
solution, like most of the other sorbates, 
retains an acidulous taste, consists in the 
dried state of 33 add + 67 oxide of lead 
in 100. The ordinaty sorbate contains 
12.5 per cent of water. M. Yauquelin 
says that Mr. Donovan was mistaken in 
.supposing that he had obtained super and 
subsorbates of lead. There is only one 
salt with this base, according to M. Yau- 
quelin. It is nearly insoluble in cold water ; 
but a little mote so in boiling water : as it 
cools it crystallizes in the beautiful white, 
. brilliant, and shining needles^ of which we 
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t^tonr fumace, and to sto|> up the neck of 
it tiu the distiUation begins, in order to 
prevent the materials from attracting fresh 
numi^iy from the air. At the beginning 
of the distiltation the retort must be open- 
ed, and a moderate fire is to be applied to 
it, in order to expel from the vitriol all 
that part of the phlegm which does not 
taste strongly of the acid, and which may 
be received in an open vessel placed un- 
der the retort But as soon as there ap- 
pear an^r acid drops, a receiver is to be 
added, into which has been previously 
poured a quantity of the acidulous fluid 
which has come over, in the proportion of 
half a pound of it to twelve pounds of the 
calcined vitriol; when the receiver is to 
be secured with a proper luting. The fire 
is now to be raised by little and little to 
the most intense degree of heat, and the 
receiver carefully covered with wet cloths, 
and, In winter time, with snow or ice, as 
the acid rises in the form of a thick white 
Yapour, which toward the end of the ope- 
lation becomes hot, and heats the receiv- 
er to a g^at degree. The fire must be 
continued at this high pitch for several 
days, till no vapour issues from the retort, 
Ror any drops are seen trickling down its 
sides. In the case of a great quantity of 
vitriol beiiig distilled, M. Bernhardt has 
observed it to continue emitting vapours 
in this manner for the space often days. 
When the vessels are quite cold, the re- 
ceiver must be opened carefully, so that 
none of the luting niay fall Into it; after 
which the fluid contained in it is to be 
poured into a bottle, and the air carefully 
excluded. The fluid that is thus obtained 
is th^ German sulphuric acid, of which 
Bernhardt got sixty-four pounds from six 
hundred weight of vitriol ; and on the 
other hand, when no water had been pre- 
viously poured into the receiver, fifty-two 
pounds only of a dry concrete acid. This 
acid was formerly called glacial oilo/vitriolt 
and its consistence is owing to a mixture 
of sulphurous acid, which occasions it to 
become solid at a moderate temperature. 
*It has been lately stated by Vogel, 
that when this fuming acid is put into a 
glass retort, and distilled by a moderate 
heat into a receiver cooled with ice, the 
fuming portion comes over first, and may 
be obtained in a solid state by stopping 
the distillation in time. This has been 
supposed to constitute absolute sulphuric 
acid, or acid entirely void of water. It is 
in silky filaments, tough, diflicult to cut, 
and somewhat like asbestos. Exposed to 
the air, it fumes strongly, and gradually 
evaporates. It does not act on the skin 
BO rapidly as concentrated oil of vitriol. 
Up to 66^ it continues solid, but at tempe- 
fiatures above this it becomes a colourless 
vapour, which whiten? on contact witk 



atr. Droi>ped into water in €aM qaantr* 
ties, it excites a hissing noise, as if it were 
red hot iron; in larger auantities itpro* 
duces a species of explosion. It is said to 
be convertible into ordinazr sulphuric 
acid, by the addition of a fifth of water. 
It dissolves sulphur, and assumes a blue, 
gireen, or brown colour, according to the 
proportion of sulphur dissolved. The spe- 
cific gravity of the black fuming sulphuric 
acid, prepared in brge quantities froni 
copperas, at Nordhausen, is 1.89d. Its 
constitution is not well ascertained.* 

I'he sulphuric acid made in Great Bri- 
tain is produced by the combustion of sul- 
phur. There are three conditions requi« 
site in this operation. Oxygen must be 
present to maintain the combustion ; the 
vessel must be so close as to prevent the 
escape of the volatile matter which rises, 
and water must be present to imbibe it. 
For these purposes, a mixture of eight 
parts of sulphur with one of nitre is placed 
m a proper vessel, enclosed within a cham- 
ber of considerable size, lined on all sides 
with lead, and covered at bottom with a 
shallow stratum of water. The mixture 
being set on fire, will bum for a conside- 
rable lime by virtue of the supply of oxy- 
gen which nitre gives out when heated^ 
and the water imbibing the sulphurous 
vapours, becomes gradually more and 
more acid after repeated combustions, and 
the acid is afterward concentrated by dis- 
tillation. 

• Such was the account usually given of 
this operation, till MM. Clement and Des- 
ormes showed, in a very interesting me- 
moir, its total inadequacy to account for 
the result. 100 parts of nitre, judiciously- 
managed, will produce, with the requisite 
quantity of sulphur, 2000 parts of coi;icen- 
trated sulphuric acid. Now these contain 
1200 parts of oxygen, while the hundred 
parts of niti-e contain only 39^ of oxygen ; 
being not j^oth part of what is afterwards 
found in the resulting sulphuric acid. But 
after the combustion of the sulphur, the 
nitre is converted into sulphate and bisul- 
phate of potash, which mingled residuary 
salts contain nearly as much oxygen as the 
nitre orig^ally did. Hence, the origin of 
the 1200 parts of the oxygen in the sulphu- 
ric acid is still to be sought for. The fol- 
lowing ingenious theory was first given by 
MM. Clement and Desormes. The burn- 
ing sulphur, or sulphurous acid, taking 
from the nitre a portion of its oxygen, 
forms sulphuric acid, which unites with the 
potash, and displaces a little nitrotis and 
nitric acids in vapour. These vapours are 
decomposed, by the sulphurous acid, into 
nitrous gas, or deutoxide of azote. This 
gas, naturally little denser than air, and 
HOW expa:nded by the ht«W mi^dady i ' 
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to tbe roof of the chamber ; and might be 
expected to escape at the aperture there, 
vhich manafacturers were always obliged 

to leave open, otherwise they found the 
acidification would not proceed. But the 
instant that nitrous g^ comes in contact 
with atmospherical oxygen, nitrous acid 
vapour is formed, which being a very 
heavy aeriform body, immectiately precipi- 
l^tes on the sulphurous flame, and con- 
verts it into sulphuric acid ; while itself re- 
suming the state of nitrous gas, reascends 
for a new charge of oxygen, again to rede- 
scend, and transfer it, to the flaming sul- 
phur. Thus we see, that a small volume 
of nitrous vapour, by its alternate meta- 
morphoses into the states of oxide and 
acid, and its consequent interchanges, may 
be capable of acidifying a great quantity 
of sulphur. 

This beautiful theory received a modifi- 
cation from Sir H. Davpr. He found that 
nitrous gas had no action on sulphurous 
gas, to convert it into sulphuric acid, un- 
less water be present. With a tmall pro- 
portion of water, 4 volumes of sulphurous 
acid gas, and 3 of nitrous gas, are conden- 
sed into a crystalline solid, which is instant- 
ly decomposed by abundance of water ; oil 
of vitriol is formed, and nitrous gpis given 
efr, wMch with contact of air becomes ni- 
trous acid gas, as above described. The 
process continues, according to the same 
principle of combination and decomposi- 
tion, till the water at the bottom of the 
chamber is become strongly acid. It is 
first concentrated in large leaden pans, and 
afterwards in glass retorts heated in a sand- 
bath. Platinum alembics, placed within 
pots of cast-iron of a corresponding shape 
and capacity, have been lately substituted 
m many manufactories for glass, and have 
been found to save fuel, and quicken the 
process of concentration. 

The proper mode of burning the sul- 
phur with the nitre, so as to produce the 
greatest quantity of oil of vitriol, is i prob- 
lem, concerning which chemists hold a va- 
riety of opinions. M. Thenard describes 
the following as the best. Near one of 
the sides of the leaden chamber, and about 
a foot above its bottom, an iron plate, fur- 
nished with an upright border, is placed 
horizontally over a fhmace, whose chim- 
ney passes across, under the botton of the 
chamber, without having any connexion 
with it. On this plate, which is enclosed 
in a little chamber, the mixture of sulphur 
and nitre is laid. The whole being shut 
up, and the bottom of the large chamber 
covered with water, a gentle fire is kindled 
in the furnace. The sulphur soon takes* 
fire, and gives birth to the products de- 
scribed. When the combustion is finish- 
ed, which is seen through a little pane 
adapted to the trap-door of the chamber, 
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this is opened, the sulphate of potash lb 
withdrawn, and is replaced by a mixture 
of sulphur and nitre. The air in the^great 
chamter is meanwhile renewed, by open- 
ing its lateral door, and a valve in its oppo- 
site side. Then, after closing these open- 
ings, the furnace is lighted anew. Succes- 
sive mixtures are thus burned till the acid 
acquires a specific gravity of about 1,390, 
taking care never to put at once on the 
plate more sulphur than the air of the 
chamber can acidify. The acid is then 
withdrawn by stopcocks, and concentrated. 
. The following details are exti-acted from 
a paper on sulphuric acid by Dr. Ure, 
which was published in the 4th volume of 
the Journal of Science and the Arts. 

The best commercial sulphuriclcid that 
I have been able to meet with, contains 
from one-half to three quai^ters of a part in 
the hundred, of solid saline matter, nireign 
to its nature. These fractional parts con- 
sist of sulphate of potash and lead, in the 
proportion of four of the former to one of 
the latter. It is, I believe, difficult to manu- 
facture it directly, by the usual methods, 
of a purer quality*. 1 he ordinary acid sold 
in tbe shops contains often 3 or 4 per cent» 
of saline matter. Even more is occasion- 
ally introduced, by the employment of ni- 
tre, to remove the brown colour given to 
the acid by carbonaceous matter. The 
amount of these adulterations, whether 
accidental or fraudulent, may be readily 
determined by evaporating, in a small cap- 
sule of porcelain, or rather platinum, a de- 
finite weight of the acid. The platinum 
cup, placed on the red cinders of a com- 
mon fire, will give an exact resuk in five 
minutes If more than five grains of mat- 
ter remidn from five hundred of acid, we 
may pronounce it sophisticated. 

Distillation is the mode by which pure 
oil of vitriol is obtained. This process is 
described in chemical treatises as both dif- 
ficult and hazardous ; but since adopting 
the following plan, I have found it perfect- 
ly safe and convenient. I take a plain 
glass retort, capable of holding from two 
to four quarts of water, and put into it 
about a pint measure of the sulphuric acid, 
(and a few fragments of glass,) connecting 
the retort with a large globular receiver, 
by means of a glass tube four feet long, 
and from one to two inches in diameter. 
The tube fits very loosely at both ends. 
The retort is placed over a charcoal fire, 
and the flame is made to play gently on 
its bottom. When the acid begins to boil 
smartly, sudden explosions of dense va- 
pour, rush forth from time to time, which 
would infallibly break small vessels. Here, 
however, these expansions are safely per- 
mitted, by the large capacity of the retort 
and receiver, as well as by the easy com- 
municatioii with the air at beth ends of the 
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adopter tnbe. Should the iHtUutt, iiidce<^ 
be exposed to a gretX intensity of flame, 
the vapour will no doubt be generated 
widi incoereible rapidil^, and break the 
apparatus.. But this accident can proceed 
only from grosa imprudence*^ It resera* 
bles, in suddenness, the ezf^osion of gunr 

SDwder, and illustrates admirably I>r. 
lack's observation, that, but for the gre^t 
latent heat of steam, a mass of water, 
powetfulty heated, would explode on 
reaching the boiling temperature. 1 have 
ascertained that the specific caloric of the 
▼apour of sulphuric acid is very small, and 
hence the danger to which rash operators 
may be exposed during its distillation. 
Hence, also, it is unnecessary to surround 
the receyer with cold water, as when alco- 
hol and most other liquids are distilled* 
Indeed the application of cold to the bot- 
tom of the receiver generallv causes it, in 
the present operation to crack. By the 
above method, I have made the concen- 
trated oil of vitriol flow over in a continu- 
ous slender stream, without the globe be- 
coming senfflbly hot» 

I have frequently b<aled the dkiUledacid 
till only one-half remained in the retort ; 
yet at the temperature of 60^ Fahrenheit, 
I have never found the specific gravity of 
acid so concentrated, to exceed 1.8455. 
It is, I believe, more exactly 1.8452. The 
number 1.850, which it has been the fash- 
ion to assign for the density of pure oil of 
vitriol, is undoubtedly very erroneous, and 
ought to be corrected. Genuine ctmmer^ 
cial acid should never surpass 1.8485; 
when it is denser, we may infer sophisticar 
tion, or negligence, in the manufacture. 

The progressive increase of its density, 
with saline contamination, will be shown 
by the following experiments. To 4100 
grains of genuine commercial acid (but 
concentrated to only 1.8350) 40 erains of 
dry sulphate of potash were added. When 
the solution was completed, the specific 
gravity at 60^ had become 1.8417. We 
aee that at these densities the addition of 
0.01 of ssdt increases the specific gravity 
by about 0.0067. To the above 4140 
grains other 80 grains of sulphate were 
added, and the specific gravitv, after so- 
lution, was found to be 1.8526. We per- 
ceive that somewhat more salt is now re- 
quired to produce a proportional increase 
of density ; OJOl of &e former changing 
the latter b^r onl^ 0.0055. Five hundred 
grains of tlus acid being evaporated in a 
platinum capsule lef^ 16^ grains, whence 
the composition was 
Sulphate of potash, wi& a little sidphate 

of lead, .... 3.30 
Water of dilution, - - 5.3 
OU of vitriol of 1.8485, . 91.4 

lOO.a 



Thusk add of 1.8536, whichio^ 
would have been accounted very strong,, 
contained little more than 91 per cent of 
genuine add. 

Into the last acid more aalphcte of pot* 
ash was introduced, and solution being fa- 
voured by digestion in a moderate heat, 
the speeifio gravity became, at 60^ 1.9120.. 
Of tins compound, 300 grains, evaporated 
in the platinum capsule, left 41 grains o£ 
gently ignited saune matter. We have, 
werelbre, neai^ 14 per cent.. On the 
specific gravity in this interval, an increase 
of 0.0054 was efifeeted by 0.01 of sulphate. 
This liquid was composed of 

Saline matter, - « • 14. 

Water of dilution, - - 4Jr 

OU of vitriol of 1.8485, - 81.3 

100.0 
The general proportion between the den* 
sity and impurity may be stated at 0.0055* 
of the former, to OM of the latter. 

If from genuine oil of vitriol, containinip 
j of a per cent of saline matter, a consider- 
able quantity of acid be distilled ofi^ what 
remains in uie retort will be found verv 
dense. At the spedfic ^vity 1.865, such 
acid contains 3^ of sohd salt in the 100 
parts. The rest is pure concentrated acid. 
From such heavy add, at the end of a few 
days, some minute crystals will be depoai- 
ted, after which its specific gravity be- 
comes 1.860, and its transparency is per- 
fect. It contains about 2^ per cent of aa- 
line matter. Hence if the chemist em- 
ploy for fiis researches an add, which, 
mough originally pretty genuine, has been 
exposed to long ebullition, he will fall into 
great errors^ From the last experiments 
it appears, that concerUrtUed oil of vitriol 
can take up only a Uttle saline matter ia 
comparison with that which is somewhat 
dilute. It is also evident, that those who 
trust to spedfic gravity alone, for ascer^ 
tuning the value of oilof vitrid, are liable 
to great impositions^ 

The saUne impregnation exercises an 
important influence, on all thedendties at 
suDsequent degrees of dilution. Thus, 
the heavy impure concentrtOed acid^ 
specific gravity 1.8650, being added to 
water in the proportion of one part to teiv 
by weight, a»ve, after twenty-four hours, 
a compound whose specific gravity was 
1.064. But the most concentrated genu- 
ine acid, as well as distilled acid, by the 
same deg^e of dilution, namely 1+ 10, 
acauires the specific gravity of only 1.0602, 
while that of 1.852, containing, as stated 
above, 3^ per cent of sulphate of potash 
combined with acid of 1.835, gives, on a 
lAmilar ^ution, 1.058. This difference, 
though vexy obvious to ^ood instruments, 
is inappreciable by ordinary commercial 
appatatud. Hence thxamode of ascertain- 
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H^ tiie T^hie of an acid, leconuiysiided by 
Mr. Dalton, is inadequate to detect a 
deterioration of even 8 or 9 per cent. Had 
a little more salt been present in the 
acid, the specific gxavity of the dilute, in 
this case, would have equalled that of the 
l^enuine. On m;^ acidimeter one per 
cent of deterioration could not fail to be 
detected, even by those ignorant of 
fcience. 

The quantity of oxide, or rather sul- 
phate of lead, which sulphuric acid can 
take up, is much more limited than is 
commonly imagined. To the concentra- 
ted oil of yitrioi I added much carbonate 
of lead, and after cUgestion by a gentie 
heat, in a close vessel, for twenty-four 
hours, with occaaonal agitation, its specific 
gravity, when taken at 60*>, was scarcely 
greater than before the eneriment. It 
contained about 0.005 of sulphate of 
lead. 

The quantity of water present in 100 
parts of concentrated ana pure oil of 
fitriol, seems to be pretty exactiy 18 46. 

In the experiments executed, to de- 
termine the relation between the density 
of diluted oil of vitriol, and its acid 
strength, I employed a series of phials, 
numbered with a diamond Into each 
phial, xecentiy boiled acid, and pure 
water, were mixed in the successive pro- 

rons of 59 + 1-. 98 + 2; 97 + 3; 
through the whole range of dif;it8 
down to 1 acid + 99 water. The pluals 
were occanonally agitated during 24 
hours, after which the specific gravity waa 
taken. The acid was genuine and well 
concentrated. Its specific gravity waa 
1.8485, Some of the phials were kept 
with tiieir acid contents for a week or 
two^ but no further change in the denuty 
took place. The strongest possible i£»- 
med acid was employedfor a few noints, 
and gave the same vesults as the omer. 

Of the three well known modes of as- 
certaimng the specific gtavity of a liquid, 
namely, t£at, by Fahrenheit's hydrometer ; 
by weighing a vessel of known capacity 
filled with it ; and by poising a glass baU, 
suspended l>y a fine puitioa wire fiem the 



urm of a delicate balance ; I dedded^ 

prefer the last. The corromveness, ids- 
cidity, and weight of oil of vitriol, render 
the first two methods ineli^ble ; whereas, 
by a ball floating in a liquid, of which the 
specific gravity does not differ much 
firom its own, the balance, httie loadec^ 
retains its whole sensibility, uid will give 
the most accurate consistency of results. 

In taking the specific gravity of con* 
centrated or slightiy diluted add, the 
temperature must be minuteljr regulated^ 
because, from the small specific neat of 
the acid, it is easily affected, and because 
it greatly influences the density, Oa 
removing the thermometer, it will Speedily 
rise in the air to 75^ or 80**, thourh the 
temperature of the apartment be only 60*^, 
Afterwards it will slowly fall to perhaps 
60^ or 62**. If this thermometer, havine 
its bulb covered with a film of dilute acid 
(from absoiption of atmospheric moisture), 
be plun|;>ed into a strong acid, it will in- 
stantly nse 10**, or more, above the real 
temperature of the liquid. This source of 
embarrassment and occarional error ia 
obviated by wiping tiie bulb after every 
immersion. An elevation of temperature^ 
equal to 10^ Fahr. diminishes the density 
of^oil of viUiol by 0.005 ; 1000 parts being 
heated from 60*> to 212**, become 1.043 in 
volume, as I ascertained by veiy careful 
experiments. The specific CTavity, whick 
was 1.848 becomes only 1.772, being the 
number corresponding to a dilution of 14 
per cent of water. The viftddity of oil of 
vitriol, which below 50° is such as to 
render it difficult to determine the specific 
gravity by a floating ball, diminishes very 
rapidly as the temperature rises, evincing 
that it is a modification of eoherive at<- 
traction* 

The following table of densities, corres- 
ponding to degrees of cUlution, was the re* 
suit, in each point, of a particular experi- 
ment^ and was, moreover, verified m a 
number of its terms, by the further dilu- 
tion of an acid, having previously com- 
bined with it a known proportion of 
water. The balance was accurate aii^ 
aensible. 
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TABLE of the quantity of Oil of Vitriol and dry Sulphuric Acid in 100 parts of dilute, 
at different Densities, by Dr. Uns. 



JAq. 


6^.6fr. 


J}ry, 


Uq, 


^p,Gr, 


Ihy 


Uq. 


apMr. 


Dry. 


IMI. 


iip,Gr. 


2^y. 


100 


1.8485 


81.54 


75 


1.6520 


61.15 


50 


1.3884 


40.77 


25 


1.1792 


20.38 


99 


1.8475 


80.72 


74 


1.6415 


60.34 


49 


1.3788 


39.95 


24 


1.1706 


19.57 


98 


1.8460 


79.90 


73 


1.6.321 


59.52 


48 


1.3697 


39.14 


23 


1.1626 


18.75 


97 


1.8439 


79.09 


72 


1.6204 


58.71 


47 


1.3612 


38.32 


22 


1.1549 


17.94 


96 


1.8410 


78.28 


71 


1.6090 


57.89 


46 


1.3530 


37,51 


21 


1.1480 


17.12 


95 


1.8376 


77.46 


70 


1.5975 


57.08 


45 


1.3440 


36.69 


20 


1.1410 


16.31 


94 


1.83.?6 


76.65 


69 


1.5868 


56.26 


44 


1.3345 


35.88 


19 


1.1330 


15.49 


93 


1.8290 


75.83 


68 


1.5760 


55.45 


43 


1.3255 


35.06 


18 


1.1246 


14.68 


92 


1.8233 


75.02 


67 


1,5648 


54.63 


42 


1.3165 


34.25 


17 


1.1165 


13.86 


91 


1.8179 


74.20 


66 


1.5503 


53.82 


41 


1.3080 


33.43 


16 


1.1090 


13.05 


90 


1.8115 


73.39 


65 


1.5390 


5:3.00 


40 


1.2999 


32.61 


15 


1.1019 


12.23 


89 


1.8043 


72.57 


64 


1.5280 


52.18 


39 


1.291a 


31.80 


14 


1.0953 


11.41 


88 


1.7962 


71.75 


63 


1.5170 


51.37 


38 


1.2826 


30.98 


13 


1.0887 


10.60 


87 


1.7870 


70.94 


62 


1.5066 


50.55 


37 


1.2740 


30.17 


12 


1.0809 


9.78 


86 


1.7774 


70.12 


61 


1.4960 


49.74 


36 


1.2654 


29.35 


11 


1.0743 


8.97 


85 


1.7673 


69.31 


60 


1.4860 


48.92 


35 


1.2572 


28.54 


10 


xjmQ 


8.15 


84 


1.7570 


68.49 


59 


1.4760 


48.11 


34 


1.2490 


27.72 


9 


1.0614 


7.34 


83 


1.7465 


67.68 


58 


1.4660 


47.29 


33 


1.2409 


26.91 


8 


1.0544 


6.52 


82 


1.7360 


66.86 


57 


1.4560 


46.48 


32 


1,2334 


26.09 


7 


1.0477 


5.71 


81 


1.7245 


66.05 


56 


1.4460 


45.66 


31 


1.2-260 


25.28 


6 


1.0405 


4.89 


80 


1.7120 


65.23 


$5 


1.4360 


44.85 


30 


1.2184 


24.46 


5 


1.0336 


4.08 


79 


1.6993 


64.42 


54 


1.4265 


44.03 


29 


1.2108 


23.65 


4 


1.0268 


3.26 


78 


1.6870 


63.60 


53 


1.4170 


43.22 


28 


1.20J2 


22.83 


3 


1.0206 


2.446 


77 


1.6750 


62.78 


52 


1.4073 


42.40 


27 


1.1956 


22.01 


2 


1.0140 


1.63 


76 


1.6630 


61.97 


51 


1.3977 


41.58 


26 


1.1876 


21.20 


1 


1.0074)0.8154 



In order to. compare the densities of the 
preceding dilute acid» with those of dis- 
tilled and again concentrated acid, I mix- 
ed one part of the latter with nine of pure 
water, and after agitation, and a proper 
interval, to ensure thorough combination, 
I found its specific granty as above 1 .0682 ; 
greater density indicates saUne contamin- 
ation. 

. Dilute acid having a specific gravity -> 
1.6321, has suffered the greatest con- 
densation } 100 parts in bulk have become 
92.14. If either more or less acid e3ust 
in the compound, the volume will be in- 
creased. What reason can be assigned 
for the maximum condensation occuring 
at this particular term of dilution ? The 
above dilute acid consists of 73 per cent 
of oil of vitriol, and 27 of water. But 73 
of the former contains, by this Table, 
59.52 of dry acid, and 13.48 of water. 
Hence 100 of the dilute acid consist of 
59.52 of dry acid, + 13.48 x 3 = 40.44 
of water » 99.96 ; or it is a compound of 
one atom of dry acid, with three atoms of 
water. Dry sulphuric acid consists of three 
atoms of oxygen, united to one of sulphur. 
Here each atom of oxygen is associated 
with one of water, forming a symmetrical 
arrangement. We may therefore infer* 
that the least deviation from the above 
definite proportions, must impsur the 
balance or the attractive forces, whence 



they will act less efficaciously, and there* 
fore produce less condensation. 

The veiy minute and patient examin- 
ation which I was induced to bestow on 
the table of specific gravities, (tisclosed to 
me the general law pervading the whole, 
and consequently the means of inferring 
at once the density fix>m the decree of 
dilution, as also of solving the inverse 
proposition. 

If we take the specific gravity, corres- 
ponding to ten per cent of oil of vitriol, 
or 1.0682 as the root; then the specific 
gravities at the successive terms of 20, 
30, 40, &c. will be the successive powers 
of that root. The terms of dilution are 
like logarithms, a series of numbers in 
in arithmetical progfression, corresponding 
to another series, namely, the specific 
levities in geometrical prog^ssion. 

The simplest logarithmic formula which 
I have been able to contrive is the follow- 
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S ^ — , where S is the specific 
700 

g^vity, and a the per centage of acid. 
And a » Log. S X 350. 
In common lang^uage the two rules may 
be stated thus. 

Problem Ist, To find the proportion of 
oil of vitriol in dilute acid of a given spe- 
cific gravity. Multiply the logarithm of 



die specific grayity by S50, the product 
is directly the per centage of acid. 

If the dry acid be sought, we must mul- 
tiply the logarithm of the specific gravity 
by 285, and the product will be the an- 
swer. 

Problem 2d, To find the specific g^vity 
corresponding to a given proportion of 
acid. Multiply the quantity of acid by 2, 
and divide by 700 ; the quotient is the lo- 
garithm of the specific gravity. 

Table of distilled sulphuric acid, for the 
higher points, below which it agrees with 
the former table. 

Liquid Acid in 100. Sp, Gr. Dry Acid. 
100 1.846 81.63 

95 1.834 77.55 

90 1.807 73.47 

85 1.764 69.39 

80 1.708 65.30 

75 1.650 61.22* 

The sulphuric acid strongly attracts wa- 
ter, which it takes from the atmosphere 
very rapidly, and in larger quantities, if 
suffered to remain in an open vessel, im- 
bibing one-third of its weight in twenty- 
four hours, and more than six times its 
weight in a twelvemonth. If foifr parts by 
weight be mixed with one of water at 50^, 
fhey produce an instantaneous heat of 
SOO*' F. ; and four parts raise one of ice to 
212° ; on the contrary, four parts of ice, 
mixed with one of acid, sink the ther- 
mometer to 4** below 0. When pure it is 
colourless, and emits no fumes. It re- 
quires a great degree of cold to freeze it ; 
and if diluted with half a part or more of 
water, unless the dilution be carried very 
far, it becomes more and more difficult to 
congeal; yet at the specific gravity of 
1.78, or a few hundredths above or below 
this, it may be frozen by surrounding it 
vnXh melting snow. Its congelation forms 
regular prismatic crystals with six sides. 
Its boiling point, according to Berg^ann, 
is 540*' ; according to Dalton, 590**. 

* Sulphuric acid consists of three prime 
equivalents of oxygen, one of sulphur, and 
one of water; and by weight, therefore, 
of 3.0 oxygen + 2.0 sulphur -j- 1.125 wa- 
ter = 6.125, which represents the prime 
equivalent of the concentrated liquid 
acid ; while 3 -f 2 — 5, will be that of 
the dry acid. 

Pure sulphuric acid is without smell and 
colour, and of an oily consistence. Its ac- 
tion on litmus is so strong, that a single 
drop of acid will redden an immense quan- 
tity. It is a most violent caustic ; and has 
sometimes been administered with the 
most criminal purposes. The person who 
unfortunately swallows it, speedily dies in 
dreadful agonies and convulsions. Chalk, 
or common carbonate of magnesia, is the 
best antidote for this, as well as for the 
strong nitric and muriatic acid». 
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When tnmsnutted through an ignited 
porcelain tube of one-fith of an inch dift* 
meter, it is resolved into two parts of sul- 
phurous acid gas, and one of oxygen gas, 
with water. Voltaic electricity causes an 
evolution of sulphur at the negative pole ; 
whilst a sulphate of the metallic wire is 
formed at tlie positive. Sulphuric acid 
has no action on oxygen gas or lur. tt 
merely abstracts tlieir aqueous vapour. 

If the oxygenized muriatic acid of Bf. 
Thenard be put in contact with the sul- 
phate of silver, there is immediately form- 
ed insoluble chloride of silver, and oxy- 
genized sulphuric acid. To obtain siu- 
phuric acid in the highest degree of oxy- 
genation, it is merely necessary to pour 
barytes-water into the above oxygenized 
acid, so as to precipitate only a part of it, 
leaving the rest in union with the whole 
of the oxygen. Oxygenized sulphuric 
acid partially reduces the oxide of silver, 
occasioning a strong effervescence. 

All the simple combustibles decompose 
sulphuric acid, with the assistance of heat. 
About 400** Fahr. sulphur, converts sul- 
phuric into sulphurous acid. Several me- 
tals at an elevated temperature decompose 
this acid, with evolution of sulphurous 
acid ^as, oxidizement of the metal, and 
combination of the oxide, with the unde* 
composed portion of the acid.* 

The sulphuric acid is of very extensive 
use in the art of chemistry, as well as in 
metallurgy, bleaching, and some of the 
processes for dyeing; in medicine it is 
given as a tonic, stimulant, and lithontrip- 
tic, and sometimes used externally as a 
caustic. 

The combinations of this acid with the 
various bases are called sulphates, and 
most of them have long been known by 
various names. With baiytes it is found 
native and nearly pure in various forms, 
in coarse powder, rounded masses, sta- 
lactites, and regular crystallizations, which 
are in some lamellar, in othei*s needly, in 
others prismatic or pyramidal. The cawks 
of our country and tne Bologman atone are 
merely native sulphates of barytes. Their 
colour varies considerably as well as their 
figure, but their specific ^avity is great, 
that of a very impure kind being 3.89, 
and tiie pure sorts varying from 4 to 
4.865 ; hence it has been distinguished by 
the names of marmor metaUicutn and jbon- 
deroru spar, 

• It consists, -according to Dr.. WoUas- 
ton, of 5 parts of dry acid, and 9.75 of 
barytes ; and by Professor Berzelius*s last 
estimate, of 5 of acid and 9.573 barytes.* 

This salt, though deleterious, is less so 
than the carbonate of barytes, and is more 
economical for preparing the mariate for 
medicinal purposes. It requires 43.000 
parts of water to dissolve it at 60*** 

Sulphate of stronlianhad a considerable 
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feiemMattee to ^t of bujrtet In its pnv 
perties. It b foand native in considerable 
quantities at Aust Passage and other 
places in the neighbouihood of Bristol. 
it requires 3840 parts of boiling water to 
dissolve it. 

* Its composition is 5 acid -f- &^ base.* 
The sulphate of potash, vitrUOaied kaU 
of the London college, formerly vUriolated 
tartOTf aai de duobns, and arcamtm dupUca^ 
fttm^ crystallizes in hezaedral prisms^ 
terminated by hexa^on^d pyramids, but 
susceptible of variations. Its crystiJliza- 
tion by quick cooling is confused. Its 
taste is bitter, acrid, and a little saline. 
It is soluble in 5 fista of boiling vater, 
and 16 parts at 60^. In the fire it decrepi- 
tates, and is fusible by a strong heat It 
is decomposable by diarcoal at a high 
temperature. It may be prepared by di- 
rect mixture of its component parts ; but 
the usual and cheapest mode is to neutral- 
ize the acidulous sulphate left after distill- 
ing nitric acid, the m/ enunitn of the okl che- 
mists, by the adcUlion of carbonate of pot- 
ash. The «a/Ao/ycAre»f of old dispensatories, 
nadeby deflagrating sulphur and nitre in 
ft crucible, was a compound of the sulphate 
ftnd sulphite of potasn. The acidulous sul- 
phate is sometimes employed as a flux, 
ftnd likewise in the manufacture of alum. 
In medicine the neutral salt is sometimes 
used as a deobstruent, and in large doses 
aa a 'mild cathartic; dissolves in a consid- 
erable portion of water, and taken daily in 
•uch quantity as to be gently aperient, it 
has been found serviceable in cutaneous 
ftflTections, and is sold in London for this 
purpose as a nostrum ; and certainly it de- 
aerves to be distinguished from the gene- 
vality of quack medicines, veiyfew indeed 
of which can be taken without imminent 
hazard. 

• It consists of 5 acid + 5.95 base ; but 
Ihere is a compound of the same constitu- 
ents, in the proportion of 10 acid + 5.95 
l>otash, called the bisulphate.* 

The sulphate of soda is the vitriolated 
natron of the eolfege, the well known 
Clauber^a salt, or tal ndrabile. It is com- 
monly prepared from the residuum left 
jffter distilling muriatic acid, the superflu- 
ous acid of which may be saturated by the 
addition of soda, or precipitated by lime ; 
ftnd is likewise obtained in the manufac- 
ture of the muriate of ammonia. (See Am- 
konia). Scherer mentions another mode 
by Mr. Funcke, which is, making 8 parts 
of calcined sulphate of lime, 5 of clay, and 
5 of common salt, into a paste with water ; 
burning this in a kiln; and then powder- 
ing, lixiviating, and crystallizing. It exists 
in lar^e quantities under the surface of the 
earth in some countries, as Persia, Bohe- 
raia, and Switzerland ; is found mixed 
with other substances in mineral springs 



ftnd sea water ; and sometnnet eSoreoccd 
on walls. Sulphate of soda is bitter and 
saline to the taste. It is soluble in 2.85 
parts of cold water, and 0.8 at a boilin|f 
heat ; it crystallizes in hexagonal prisms 
bevelled at the extremities, sometimes 
grooved longitudinally, and of very large 
size, when the quantity is great : these 
eSiorpaee completely into a white pow* 
der if exposed to a dry ahr, or even if kept 
wrapped up in paper in ft diy place ; ye^ 
they retain suflicient water of ciystallizft- 
tion to undergo the aoueous fusion on ex- 
posure to heat, but by urging the fire* 
meh. Barnes and strontian take its acid 
from it entirely, and potash paitidly ; the 
nitric and miviatic acids, though they have 
a weaker affinity for its base, combine 
with a part of it when digested on it. 
Heated with charcoal its acid is decompo- 
sed. As a purgative its use is viery gene- 
ral ; and it has oeen employed to furnish 
soda. Pajot des Charmes has made some 
experiments on it in fabricating glass: 
with sand alone it would not succeed, but 
eqxitik parts of carbonate of lime, sand, and 
dned sulphate of soda, produced a clear, 
solid, pale, ydlow glass. 

* It is composed of 5 acid -f- 3.95 base 
-|- 11.25 water in crystab : when diy, the 
former two primes are its constituents.* 

Sulphate of soda and sulphate of am- 
monia form together a triple salt. 

Sulphate othme,9elenite,^^ifpiumfPlM' 
ter ofParitf or sometimes eUHiuter, forms 
extensive strata in various mountains. The 
specular gypaum, org'laciet Maria, is a spe- 
cies of this salt, and aflSrmed by some 
French travellers to be employed in Rus- 
sia, where it abounds, as a substitute for 
glass in windows. Its specific gravity is 
from 1.873 to 2.311. It requires 500 parts 
of cold water, and 450 of not, to dissolve 
it. When calcined it decrepitates, becomes 
verv friable and white, and heats a little 
with water, witii which it forms a solid 
mass. In this process it loses its water of 
crystdlization. In this state it is found na- 
tive in Tyrol, crystallized in rectangular 
parallelepipeds, or octaedral or hexaedral 
prisms, ana is called anhydmu sulphate of 
lime. Both the natural and artificial anhy- 
drous sulphate consists of 56.3 lime and 
43.6 acid, according to Mr. Chenevix. 
The calcined sulphate is much employed 
for making casts of anatomical and orna- 
mental figures; as one of the bases of 
stucco ; as a fine cement for making close 
and strong joints between stone, and join- 
ing rims or tops of metal to glass ; fov 
making moulds for the StaflTordshire pot- 
teries ; for cornices, mouldings, and other 
ornaments in building. For these purpo- 
ses, and for being wrought into columns, 
chimney-pieces, and various ornaments, 
about eight hundred tons are nused annu- 
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^ Id D«bfibiie> where it i» dJled aJi- 
baster. In ^ericA it Is laid on grass land 
as a manure. 

* Ordinary cxystallized gypmxm consists 
of 5 sulpboric acid + 3.6 Ume + 2.25 wa- 
ter ; the anhydrousvariety wants of course 
the last in^predient.* 

Sulphate of magneaa, the vitnohUed 
magrnetia of the late, and tal eatharticua 
maru9 of former London Pharmacopceias, 
is commonly known by the name of £p9om 
taU, as it was furnished in con»derable 
quantity by the mineral water at that place, 
mixed however with a considerable por- 
tion of sulphate of soda» It is afforded* 
however, in ereat abundance sad more 
pure from the bittern left after the extrac- 
tion of salt from sea water, it has likewise 
been found efflorescing on brick walls, 
both old and recently erected* and in small 
quantiw in the ashes ot coals» The capil- 
laiy saJt of Idria, found in silvery crystals 
mixed with the aluminous schist in the 
mines of that place, and hitherto consider- 
ed as a leathery alum, has been ascertain- 
ed by Klaproth to consist of sulphate of 
magnesia, mixed ^th a small portion of 
sulphate of iron. When pure it crystallizes 
in small quadrangular prisms, terminated 
by quadrangular pyramids or diedral sum- 
nuts. Its. taste is cool and bitter. It is very 
soluble, requiring only an equal weight of 
cold water, and three-fourths its weight of 
hot It e&>resces in the air, though but 
slowly, if it attract moisture, it contains 
muriate of magnesia or of lime. Exposed 
to heat, it dissolves in its own water of 
erystallizadon, and dries, but is not de- 
composed, nor fusedi but with extreme 
difficulty. It consists, acc(Hding to Berg- 
mann, of 33 acid> 19 magnesia, 48 water. 
A very pore sulphate is said to be prepare 
cd in the neigpibourhood of Genoa by 
roasting; a pyrites found there ; exposing 
it to the au: in a covered place for edx 
Bonth^ watering it occasionally, and then 
KxiYiating. 

Sulph^ of magnesia is one of our most 
valuable purgatives; for which purpose 
only it is used, and fbr furnishing the car* 
bonate of magnesia. 

* It is composed of 5 acid + %5 magne- 
sia -f- 7.BT5 water, in the state of ciystals.* 

Sulphate (^aoimonia crystallizes in slen- 
der, flattened, hexaedral prisms, termi- 
oated by hexagonal pyramids ; it attracts 
a little moisture from very damp air, par- 
ticularly if the acid be in excess ; it dis- 
solves in two parts of cold and one of boil- 
ing water. It is not used, though Glauber, 
who called it his tecret ammoniacal taU^ 
Taunted its excellence in assaying. 

* It consists of 5 acid 4- 2.17 ammonia 
-f- 1.125 water in its most desiccated state ; 
and in its crystalline state of $ acid + 2.13 
ammonia + 3.375 water** 



IT sulphate of aumooiii and lolphste ef 
magnesia be added together in solutioi^ 
they combine into a triple salt of an octae- 
dral figure, but varying much ; less solu- 
ble than either of its component parts ; 
unalterable in the air; undergoing on the 
fire the watery fusion ; after which it i» 
decomposed, part of the ammonia flying 
ofl^ and the remainder subliming with an 
excess of acid. It contains, according to 
Fou£croy, 68 sulphate of magnesia, aoA 
32 sulphate of ammonia.. 

Sulphate of glucina crystallizes with 
difficulty, its solution readUy acquiring 
and retaining a sirupy consistence; its 
taste is sweet, and shghtfy astringent; it 
is not alterable in the air; a strong heat 
expels itsacid,. and leaves the earth pure s 
heated with charcoal it forms a sulphuret ^ 
infusion of galls forms a yellowish white 
precipitate with its solution^ 

Yttria is readily dissolved by sulphuric 
acid ; and as the solution eoes on, tne sul^ 
phate crystallizes in small brilliant grains^ 
which have a sweetish taste, but less so 
than sulphate of rlucina^ and are of a light 
amethyst red colour. They require 30 
parts of cold water to dissolve them, and 
give up their acid when exposed to a high 
temperature. They are aecomposedby 
oxalic acid, prussiate of potash, ii^isioa 
of galls, and phosphate of soda. 

Sulphate of alumina in its pure state i» 
but recently knowni and it was first attea* 
tively examined by Vauquelin^ It may be 
made by dissolving pure alumina in purer 
sulphuric acid, heating them for sonfte time, 
evaporatinj§p the solution to dryness, dxy* 
ing the residuum with a prettv strong hea^ 
redisscdviiu^ it, and ciystallijang. Its ctya-^ 
tals are soil, foliaceous, shining, and pear* 
ly ; but these are not easily obtained with-^ 
out cautious evaporation and refngeiationk^ 
They have an astringent taste ; are little 
alterable in the air ; are pretty soluble^ 
particularly in hot water \- give out their 
acid on exposure to a hig^ temperature ; 
are decomposable by combustible substan- 
ces, though not readily ; and do not foms 
a pyrophorus like alum. 

If the evaporation and desiccation di> 
rected above be omitted, the aluimna will 
remain supersaturated with acid, as may- 
be known by its taste, and by its redden- 
ing vegetable blue. This is still more dif* 
ficidt to crystallize than the neutral salt» 
and frequently thickens into a gelatinouS^ 



A compound of acidulous sulphate of 
alumina with potash or ammonia has long^ 
been known by the name of Alum. See 
Alumina. 

If this acidulous sulphate or alum be dis- 
solved in water, and boiled with pure alu- 
mina, the alumina will become saturated 
with its base, and fall down an inslpijd 
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trhite powder. This nit ift complete^ in- 
soluble, And is not deprived of its acid by 
heat but at a very hig^h temperature. It 
may be decomposed by long boiKng Mrith 
the alkaline or earth bases; and several 
acids convert it into common alum, but 
slowly. 

Sulphate of zircon may be prepared by 
adding sulphuric acid to the earth recent* 
ly precipitated, and not yet dry. It is 
sometimes in small needles, but common- 
ly pulverulent ; very friable; insipid; in- 
soluble in water, unless it contain some 
acid; and easily decomposed by heat. 

Acis (SuLPHURors.) It has already been 
Absented, that sulphur burned at a low 
temperature absorbs less oxygen than it 
does when exposed to greater heat, and is 
eonsequentiy acidified in a slighter de- 
gree, so as to form sutphurons acid. This 
m the ordinary state of the atmosphere is 
a gals; but on reducing its temperature 
very low by artificial cold, and exposing 
it to strong compression, it becomes a li- 
quid. To obtain it in the liquid state, 
however, for practical purposes, it is re- 
ceived into water, by which it is absorbed. 

As the acid obtained by burning sulphur 
in this way is commonly mixed with more 
•r less sulphuric acid, when sulphurous 
acid is wanted, it is commonly made by ab- 
stracting part of the oxygen from sulphu- 
ric acid by means of some combustible 
substance. Mercury or tin is usually pre- 
ferred. For the purposes of manufactures, 
however, chopped straw or saw^dust may 
be employed* If one part of mercniy and 
two of concentrated siilphuric acid be put 
into a glass retort with a long neck, and 
beat applied till an effervescence is pro- 
duced, thie sulphurous acid willurise in the 
ferm of gas, and may be collected over 
quicksilver, or received into water, which 
at the temperature of ei* will absorb 33 
times its bulk, or nearly an eleventh of its 
weight. 

Water thus saturated is intensely acid 
to the taste, and has the smell of sulphur 
burning slowly. It destroys most vegeta- 
ble colours, but the blues are reddened 
by it previous to their being discharged. 
A pleasing instance of its effect o'n colours 
may be exhibited by holding a red rose 
•ver the blue flame of a common match, 
by which the colour will be discharged 
wherever the sulphurous acid comes into 
contact with it, so as to render it beautiful- 
ly variegated, or entirely white. If it be 
then dipped into water, the redness after 
a time will be restored. 

* The specific gravity of sulphurous acid 
ms, as ^ven by MM. Thenard and Gay- 
Lussac, IS 2.2553, but by Sir H. Davy is 
2.2295. and hence 100 cubic inches weigh 
68 grains ; but its sp. ^. most probably 
should be esthnated at 2^222, and tl|e 



weight of 100 cubic inches will become 
67.777. Its constituents by volume are 
one of oxygen, and one of vapour of sal- 

Shur; each having a sp. gr. of 1.111, con- 
ensed so that both volumes occupy only 
one. Or in popular language, sulphurous 
acid may be said to be a solution of sul- 
phur in oxygen, which doubles the weight 
of this g^s, without augmenting its bulk. 
It obviously, therefore, consists by weight 
of equal quantities of the two constituents. 
Its equivalent will either be 2 oxygen -|- 
2 sulphur — 4 ; or 1 oxygen -^ 1 sulphur 
•e 2. Now the analysis of sulphite of ba- 
lytes by Berzelius yites 209,22 base to 
86.53 acid; which hemg reduced, presents 
for the prime equivalent of sulphurous 
acid, the number 4. Hydrogen and car- 
bon readily decompose sulphurous acid at 
a red heat, and even tinder it. Mr. Hig- 
gins discovered, that liquid sulphurous 
acid dissolves iron, without the evolution 
of any g^ The peroxides of lead and 
manganese fiimish oxygen to convert it 
into sulphuric acid, which forms a sul- 
phate, with the resttlling metallic protox- 
ide.» 

Sulphurous acid is used in bleaching^ 
particularly for silks. It likewise dischar- 

ges vegetable stains, and iron-moulds from 
nen. 

In combination with the salifiable hoses, 
it forms sulphites, which differ from the 
sulphates in their properties The alka- 
line sulphites are more soluble than the 
sulphates, the earthy less. They are con- 
verted into sulphates by an addition of 
oxygen, which they acquire even by ex- 
posure to the air. The sulphite of lime is. 
the slowest to undergo this change. A 
strong heat either expels their acid entire- 
ly, or converts them into sulphates. They 
have all a sharp, disagreeable, sulphurous 
taste. The best mode of obtaining them 
is by receiving the sulphurous acid gas in- 
to water, holding the base, or its carbo- 
nate, in solution, or diffused in it in fine 
powder. None of them has yet been ap- 
plied to any use. 

» Acid (HTPOst7LPHrR0rs.> In the 85th 
volume of the Annales de Cnimie, M. Gay- 
Lussac describes permanent crystaliizable 
salts having lime and strontites for their 
base, combined with an acid of sulphur, in 
which the proportion of oxygen is less 
than in sulphurous acid ; but mis acid he 
does not seem to have examined in a se- 
pio^te state. Those salts were procured 
by exposing solutions of the sulphurets of 
the earths to the air, when sulphur and 
carbonate of lime precipitated. When the 
filtered liquidisthen evaporated, and cool- 
ed, colourless crystals form. The calca- 
reous are prismatic needles, and those 
with strontites are rhomboidal. He called 
these new compoonds salphurottsd sui- 
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otdted. TlioMofpotMhandiodftheabo 
formed, by heatinf^ their wlphitet wHli 
salphur; when, a quantity of sulphufons 
acid WW disengagfed, and ncatnd aaks 
trere formed. M. Gay-Lnasac ftrtber in- 
forms ua^ that boilins^ a M^ution of a aid- 
]>hite with sulphur, detennines the fotma^ 
tion of the sulphuretted sulphite, or hyw 
poMilphite ; and that iron, zinc, and man* 
guieae^ treated with liquid sulphurous 
acid, yield sulphuretted sulphites; from 
idiich it ft^ows, that a poition of the sul*- 
phuroos acid is decomposed by the metal, 
and that the resultinjp^ oxide combines with 
the other portion of the sulphurous acid 
and tiie liberaled sulphur. TTie hyposul- 
phites are more permanent than the sul- 
phites^ tbey do not readily pass by the 
action of ths air into the state of sulphate; 
and though decoBU»oaable at a high heat, 
they reaSt the actKm of fire longer than 
the su^hites. They are decomposed in 
solution br the sulphiuic, muriatic, fluo* 
iic,pho^Bone,andarsemoaoidst sulphu- 
Ipui acid IS evolved, salphur is precipita- 
ted, snd a new salt is formed. Such is the 
account given of these by M. Gay-Lussac, 
and copied into the second vc^ume of the 
Traits de Chimie of H. Hienaid, publish* 
^inl8U. 

Ko additional information was communi* 
(ated to tlM world on this subject till Jan- 
uary 1819, when an ingenious paper on 
the hyposulphites appeared in the Edin- 
burgh Philo$opbical Journal, followed soon 
by two others in the same periodical work, 
by Mr. HerscheL 

In order to obtain hyposulphurous acid« 
Kr. Herschel mixed a dilute solution of hy<r 
posulphite of strontites with a slight excess 
of dilute sulphuric add, and after agitation 
poured the mixture on three filters. The 
first was received into a solution of carbo- 
nate of potash, from which it expelled car- 
bonic acid gas. The second portion be- 
ing received successively into pitrates of 
ttlver and mercury, precipitated the me- 
tals ec^iously in the state of sulphuret% 
but produced no efiect on solutions of cop- 
per, iron, or zinc. The tlurd, being tasted, 
was acid, astringent and bitter. When 
fi-esh filtered it was clear, but it became 
milky on standing, depositing sulphur, and 
colouring sulphurous a^id. A moderate 
exposure to aur, or a gentle heat, caused 
its entire decprnpoaition. 
I The habitudes of oxide of sSver in union 
with diis acid are veiy peculiar. Hyposul- 
phite of floda being poured on newly pre- 
eipitated oxide of silver, hyposulphite of 
silf er was formed, and caustic aoda elimi- 
nated; the only instance, says Mr. Hei^ 
schel, yet knourn of the direct ^splace- 
nent of a fixe^ JeM^li'^'hy a metallic oxide» 
viahmmda. O^^^bther hafu^, hyirasui* 
phuroos add newly disengaged from the 
Voa.R fl5] 



y^pomAplke of bffytes, by dSkit* sdiphu-* 
nc acid, readily dissolved, snd decompos- 
ed muriate of nlveiv fimning a sweet sohl- 
tion, from which aleohol separated the 
metal in the state of hyposulphite, ** Thus 
the afflmty between tnis acid and base, 
vttauiated by any double decomporitkfn, is 
such as to form an exception to all the or- 
dinary rules of chemical union." This 
acid has a remarkable tendency to form 
double salts with the oxides of silver and 
alkaline bases. The hyposulplnte of s^ 
▼er and soda has an intensely sw^et taste.^ 
When hyposulphite of ammonia is poured 
on muriate of silver, it dissolves it ; and if 
into the saturated solution, alcohol be 
poured, a white salt is predpitated, whi<^ 
must be fordbly squeezed between blot- 
ting Pi^er and dried in vacuo. It is very 
sohible m water. Its sweetneas is unmix- 
ed with any other flavour, and so intenae 
as to cause pain in the throat One grain 
of the salt eomttonieates a perceptible 
sweetness to ^.000 crams of water, tf 
the aloohoiie liquid oe evaporated, thin 
lengthened hexan^fular plates are some- 
times formed, which sre not altered bv 
keeping, and consist of the same prinq»- 
ples. 

The best wi^ of obtahiing the alkdine 
hyposulphites is to pass a current of sulL 
phurous acid gas throu|^ a Hxiwum, form* 
ed by boiling a wateiy solution of alkal^ 
or idkaline earth, along with sulphur. The 
whole of the sulphurous acid is converted 
into the h^osulphite, and pure sulphur, 
unnuxed with any sulphite, is precipitate 
ed, while the hyposulphite remains in 80« 
Itttion. 

Mr. Herseh^ from his experiments on 
the hyposulphite of lime, has deduced the 
prime equivalent of hyposulphurous acid^ 
to be 5.925. He finind that 100 part» 
crystallised hyposulphite of lime, were 
equivalent to 1^1.77 nyposnlphite of leacj^ 
and yielded of carbonate of Erne, by car- 
bonate of anfknonia* a quantity equivalent 
to 21 .75 gr. of lime. Therefore the theo» 
ty iji equivalentrstios gives us ibis rule : 

As 21.75 gr. lime are to its prime equi* 
valent 3.56, so are 121.77 gr. of hyposuf^ 
phite of lead, to ito prime equivalent. lii 
munbers 21.75 : 3.56 : : 121.77 : 19.93i. 
From this number, if we deductthe |>rime 
of the oxide of lead — i 14^ the remainder 
5.93 will be the dkmble prime of hyposul- 
phurous acid. Now this number does not 
materially difiTer from 6. Hence we see 
that the hyposulphitea, for their neotnd 
condition, require of this foeble acid 8 
{mme proportions. One prime propor^ 
tion of it is obviously made up of 1 prime 
of sulphur -^ 2,+ 1 oxygen — 1; and the 
acid equivalent is — 3. The crystalliied 
hyposulphite of lime is composed of 6. acid 
-f 3.56 hme + &.7S water, b«ing 6 pi^n«* 
of tl\e l|«t ^QsUjiUipnt, 
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ft ought to be tlited» thftt when a aolu- 
tion of a hvposulphite it boiled down to 
to certain degree of coneentratioB» it be- 
gins to be rapidly decomposed, with the 
deposition of siUphur and sulphite of lime. 
To obtain the sak in crystals, the solution 
must be evaporated it a temperature not 
ezceedinff 140^ Fahr. If it be then filter- 
ed while ho^it will yield on cooling. Urge 
and ezcee<Un|^y beautiful crystals, which 
assume a great variety of comphcated 
forms. They are soluble in nearly their 
own weight of water at 37^ Fahr. and the 
temperature of the solution faUs to 81^. 
The specific gravity of their saturated so- 
lution at 60O is 1.300; and when it is 
.1.114^ the liquid contains one-fifth of its 
weight. The ciystals are permanent in 
-the-air. 

Hyposulphites of potash and soda yield 
deliquescent cnwtals of a bitter taste, and 
both of them dissol^ne muriate of sUver. 
The ammoniacal «alt is not easily procured 
an regular tsfystals. Its taste is pungent 
and disagreeable. The bar]^ hyposul- 
phite is insoluble { -the strontitic is soluble 
and crystallizable. Like ^e other hypo- 
jmlphites it dissolves silver; and while its 
^wn taste is purely bitter, it produces a 
sweet cooqMwnd with muiiate of -silver, 
which alcohol throws down in a sirupy 
form. Hyposulphite of magnesia is a bit- 
ter tasted, soluble, crystallizable, and noi^ 
ideliquescent salt. All the hyposulphites 
bum with a sulphurous flame. The sweet- 
ness of liquid hyposulphite of soda,, com- 
))ined with munate of silver, surpasses 
honey in intensity, diffusing itself over the 
^hole mouth and fauces without ai\y disa- 
greeable or metallic flavour. A coil of 
zinc wire speedily separates the silver in 
a metallic state, thus affording a ready 
luialysis of muriate of silver. Muriate of 
lead is also soluble in the hyposulphites^ 
but less readily.* 

* Acid (HTPosuupHuaic). MM. Gay- 
Lussac and Welther -have recently an« 
nounced the discovery of a new acid com- 
bination of sulphur and ozygen, interme- 
diate between sulphurous and sulphuric 
acids, to which they hav« given the name 
of hyposulphuric acid. It is obtained by 
passing a cunrent of sulphurous acid gas 
over the black oxide oi manganese. A 
combination takes place ; the excess of 
the oxide of manganese is separated by 
dissolving the h^rposulphate of manganese 
in water. Caustic barytes precipitates the 
manganese, and forms with the new acid 
a very soluble salt, which, freed fix>m ex- 
cess of baiytes by a current of carbonic 
acid, crystallizes reguhu-ly, lijte the nitrate 
or muriate of barytes. Hyposulphate of 
barytes being thus obtained, sulphuric 
acid is cautiously added to the sol^ition, 
^hich throws downtbebaxyte% and leaves 



thehyposulphuficacidintheiriter« lliic 
acid bears considerable concentration un- 
der the receiver ci the air-punup. It con* 
sists of five parts of oxygen to tour of sul- 
phur. The greater number of the hypo- 
sulphates, both earthy and metallic are so- 
luble and crystallize; those of baiytes and 
lime are unalterable in the air. Suberic 
acid and chlorine do not decompose the 
baiytic salt The barytic salt in ciystals* 
consists of barytes 9.7 + hyposulphuri^ 
acid 9.00 + water 2.25 - 20.95. 

The following table exhibits the com- 
position of the different acid compounds 
of sulphur and oxy^^en : 
Hyposulphurous acid 20 suL -|- 10 oxygen 
Sulphurous tkcid 10 - - 10 . 

Hyposulphuric acid 8 - - 10 . 
Sulphuric acid 2| + 10 

Or if we prefer to consider the quantity o^ 
sulphur m each acid as •« ^2; the oxygen 
combines with it in the following propor* 
tions:— 1; 2; 2.5$ 3. 

Hyposulphuric acid is distinguished by 
the toUowing properties : 

1st, It is decomposed by heat into sul* 
phurous and sulphuric acids. 

2d, It forms soluble salts with barytes*. 
strontites^ lime, lead, and silver. 

34 The hyposulphates are all soluble* 

4^A, They yield sulphurous acid when 
their solutions are mixed with acids, only 
if the mixture becomes hot of itself or be 
artificiallv heated. 

Sthf They disengage a great deal of sul- 
phurous acid at a high temperature, and 
are converted into neutral sulphates. 

Before quitting the adds ot sulphur, it 
deserves to be mentioned, that Dr. Gul^s 
of Paris, has, by means of a chest or caaew 
called BoSte Fumigatoire, applied the va^ 
pour of burning sulphur, or sulphurous 
acid gas, mixed with air, to the sumce gf 
the body, as an abr bath, with great advan- 
tage, in manv chrome diseases of the skin, 
the joints, the glands^ and the lymphatic 
system.* 

AciB (TAnTAMc). The casks in which 
some kinds of wine are kept become in- 
crusted with a hard substance, tinged 
with the colouring matter of ike wine^ 
and otherwise impuM, which has long 
been known by the name of arg'al, or tar- 
tar, and distinguished into red and white 
according to its colour. This being puri- 
fied by solution, filtration, and ciystaUiza- 
tion, was termed cream or crwUait of tartar. 
It was afterwards discovered, that it con- 
sisted of a peculiar acid combined with 
potash ; and the supposition that it was 
formed during the fermentation of the 
wine, was disproved by Boerhaaye, Neu- 
mann, and. others, who ^owed that it ex- 
isted ready formed in tlie juice^ ot the 
grape. It has .likewise been found in other 
&ukt% particuUDrly before th/ey are too 
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ripe ; shd in the tamarind, aimac, balm. 
«aidau8 benedictiis, and the roots of rest- 
luoTOWy germander, and sage. The sepa* 
ration or tartaric acid from this acidulous 
salt, is Hie first discovery of Scheele that 
is kno^. He saturated the superfluous 
add by adiUnp chalk to a solution of the 
supeitartrate in boiling water as long as 
any eflcnrescence ensued, and expeUed 
the acid from the predpitated tartrate of 
fime by means of the sulphuric Or four 
parts of tartar may be boued in tventy or 
twenty-ftmr of water, and one part of sul- 
phuric add added gradually. By continu- 
ing the boUing' the sulphate of potash will 
fiiDdown. When the nquor is reduced to 
one-hal^ it is to be ffltered, and if any more 
solpluLte be deponted by continuing the 
bouin^, the filtering must be repeated. 
When no more is thrown down, the tiquor 
Is to be eviqxirated to the consistence of a 
firup, and thus otystals of tartaric acid, 
equal to half the wdght of the tartar em- 
ployed, win be obtained. 

The tartaric acid may be procured in 
needly or laminated crystals, by evaporat- 
ing^ a solution of it. Its tasten very acid 
and agreeable, so that it may supply the 
place of lemon*juice. It is very soluble in 
water. Burnt in an open fire, it leaves a 
coaly residuum ; in close vessels it gives 
out carbonic add and carburetted bydro- 
gen gBS. By ^BstiBing nitric add off the 
crysUds they may be converted into oxalic 
acid, ttodthe nitric add passes to the state 
of nitrous. 

* To extract the whole add from tartar^ 
M. Thenaid recommends, after saturating 
the redundant acid with chalk, to add mu- 
riate of lime to the supernatant neutral 
tartrate, by which means it is completely 
decomposed. The insoluble tartrate oif 
fime being washed idth abundance of wa- 
ter, is then to be treated with three4ifths 
<^ its weight of strong sulphuric add, di« 
hited previously with five parts of water. 
But FOurcrqy's pncen as improved by 
Tanquelin, seems still better. Tartar u' 
treated with quicklime and boifing water 
in tiie proportion, by the theory of equi- 
valents^ of 100 of tartar to 30 of dry lime, 
or 40 (Mfthe slaked. A caustic m^pna is 
obtained, which must be evaporated to 
dryness, and gently heated. On ^gestinj^ 
tins in water, a solution of caustic potash is 
obtained, while tartrate of fime remains ; 
from which the acid may be separated by 
'tiie equivalent quanti^ of oil of vitriol. 

Aceoiding to Berzefius, tartaric add is 
« compound of 3.807 hydrogen + 35.980 
cafiNm+ 60.313 oxygen — 100; to wluch 
fesuh he shows that of M. Gay-Lussac and 
Theondto correspond, when dknrance 
is made lor a certdn portion of water, 
wUch thc^ had omitted to estimate. The 
^^oalysb of tmtnte of Itad, giTes8.3Mfer 



the add prime equivalent ; and it may be 
made up of 



3h]rdrogen 

4carbon 

So^gen 



- 0^75 4.4a 
-» 3.000 35.8^ 
•* 5.000 5970 

8^75 "moo 



The crystallized acid is a compound of 
8.375 acid + 1.125 water - 9.5 ; or in 100 
parts 88.15 acid + 11.85 water. 

The tartrates in their decompoation by 
fire, comport themselves like all the other 
vegetable salts, except thatthoie with ex-^ 
cess of acid yield the smell ofcaromel when 
heated, and afford a certain quantity of 
the pyrotartaric acid. All the soluble neu- 
tral tartrates form with tartaric aci^ bitar- 
trates of sparing solubility ; while all the 
insoluble tartrates may be (fissolved in an 
excess of their acid. Hence, by pouring 
gradually an excess of acid into oarytefl^ 
strontites and liroe- waters, the predpitates 
formed at first cannot fail to disappear » 
while those obtained by an excess of the 
same acid, added to concentrated solutions 
of potash, soda, or ammonia, and the neo^ 
tral tartrates of these bases, as well as of 
magneria and copper, must be permanent. 
The first are always flocculent; the se- 
cond always crystalfine; that of copper 
alone, is in a greemsh-white powder. It 
likewise foOows, that the greater number 
of adds ought to disturb the solutions <^ 
the alkafine neutral tartrates, because 
they transform these salts into Intartrates i 
and on the contrary, they ought to effect 
the solution of the neutral insoluble tar- 
trates^ which indeed alwavs happens, un* 
les&tbe add cannot diasolye the base of 
the tartrate. The. order of apparent affi. 
nities of tartaric add are, lime, barytesL 
strontites, potash, soda, ammonia» and 



le tartrates of potaidi, soda, and am- 
monia, are not only susceptible of combinr 
ing together, but also with the other tar^ 
trates, so as to form double or triple salts. 
We may thus easily conedve why the ta»> 
trates of potash, soda, and ammonia, do 
not disturb the solutions of iron and man- 
ganese; and on the other hand distuib the 
stations of the salts of baiytes, strontites, 
fime, and lead. In the first case,^^ double 
salts are formed, however small a quantity 
of tartrate shall have been employed ; in 
the second, no double salt isformedunless 
the tartrate be added in very great ex- 
cess.* 

The tartrates of fime and barytes are 
white, pulverulent, and insoluble. 

Tartrate of strontian, formed by the 
double decomposition of muriate of stron- 
tian and tartrate of potash, according to 
Vanquelin, is soluble, crystallizable, and 
connats of 52.88 stzontian and 47.13 add. 
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Tartntft of poUih^ tbo tartariied kaU of 
the London colkge, and v^geuOUwiUti 
•ome, fonneriy called 9ohAk Partm', be- 



fonnerij 
caofe much nefe ao than theaupextar* 
irate, ciyalMlisea in oblong aquarea, be- 
▼ellod at die eztfemitiea. It has abitteriah 
taste, and is decompoaed by heat, aa iu ao- 
lution is even bv standing some time* It 
is used as a mild purgative. 

The supertaitrate of potaak already 
Bieitioned at the beginning of thia article^ 
Is much used as a cooling and gently open*, 
inff medicine, as well «s in several chenu- 
eal and pharmaceutical prepamtiens. Dia» 
aolved in water, with the addition of a li^ 
tie au|[ar, and a slice or two of lemen^ 
peel, It forms an agreeable cooling drink 
t^ the name of impmali and if an infu- 
«on of green balm be used instead of wa? 
ter, it raakeaone of the p fe asant ef t hquors 
of tl^e kind with which we are ac(;[uainted. 
Ifized with an equal Weight of mtre, and 
projected into a redrhot emciblo/ it deto- 
nates, and forma the vMtcJyxi treated 
in the same way with halfits weight of 
nitre, it forms the hlaek JUtx / and sin^^ 
mixed with nitre in various proportions, it 
la called ram JUtx. It is likewise used in 
dyeing, in bat^^makin^ in gilding, and in 
mer arts. 

• The blanching of the crude tarjtar ia 
«kled by boilii^ its solution with ig^ of 
p^e clay. 

Acooiding to the analysis of Beraelius^ 
H consUU of rOA^ acid + 24.8 potash + 
475 water— 100 i. or 

2 primes acid, —16.75 70.30 
1 potash,- 5.95 24.95 

1 water, - 1.125 4.75 

^ • 23.825 100.00 

)60 parts of water dissolve 4 of bitartiate 
' at a b(^in((lieat ; and only 1 at 60^ Fahv. 
It is quite msohible in alcchol. It beconea 
very soluble in water, bv adding to it ene« 
£fth of its weight of borax; or even by 
the addition of bomcic acid. It appeara by 
Berzeliua» that neutral tartrate or potash* 
dried in the aun, differs from the bitai* 
trate, in containiBfl[ no water qf orystalU- 
iation. He states it to be a compound of 
58.69 acid + 41M potash - 100; wMch 
afford 155.7 tartrate of lead« Now, 8^75.: 
5.95 : X 58.5 : 41.5 ; which are the equivai* 
lent proportions. 

On considering the great solvent pnt' 
■perty of cream of taitat^ and that kia even 
capable of dissolving various oxides, whidh 
are insoluble in tartaric acid, aa the pro- 
to3Qde of antimony, M. Gay-Lussac haa 
recommended it as a useful agent in che- 
mical analysis. He thinks that in muaif 
•aaes it acta iMpwtofa finite acid. Ag- 



eaadngto-llnavicw^ tartar ««e^ would 
be a compound of the creanUmrtar acid, 
and protoxide of antimony. Cream of tar- 
tar generally contains from 3 to 5 percent 
of tartrate of Umc^ which ar» in a great 
measure aeparated when 3 parts of tartar 
are boiled with 1 of borax for a few mi-^ 
nutes in a sufficient quantiW of water. 
Hie soluble cream of tartar which is ob- 
tsined by this process is deliquescent ; it 
dissolves in its own weight of water at 
54.5^ and in half its weight of boiling 
water. Ita aoiution is veiy imperfectly 
decomposed by the sulphuric, nitric, and 
muriatic adds. 4 parts of tartar and 1 of 
bomdc acid form a permanent saline ccmh- 
pound, very soluble in waten Mmm also 
increases the solubility of tartar.* 

By saturatiog the superfluous acid in this 
snpertartittte with soda, a triple saltiafoim« 
ed, which ctystallisea in large ve^lar 
priamaof eight nearly equal side^ofabitter 
taste, efilorescent, and soluble in about 
five parts of water. It consists, according 
to Yauqiietin, of 54 parts tartrate of pot- 
ash and 46 tartrate of foda, and was once 
In much repute as a purgative, by the 
name of M9ekelletaUtW4el de Seignttt^, 

The tartrate of soda is much less scdu* 
ble than thia triple aalt, and oiyatallizeain 
sfender needlea or thin platea. 

The tartrate of ammonia is a ^m aohi- 
ble, bitter salt, and crystallizea easily. Ita 
solution ia apontaoeoudy decompomle. 
. This loo forma with tartmte of potaah a. 
triple salt, the solution of which yields, by 
•ooling, fine pyranudal or prismatic eiBo- 
resoent orysfeals. Though both the i^tial 
salts that compose it are bitter, thia is no^ 
but has a coohng taste. 

Acin (Tuxesreos). What haa been thna 
oaUed i^ipeam to be an oxide of Tcxeerair. 

* Aoxv (TuJiesTXc) has been found only 
ia two minerals; one of which formcaiy 
called tungsten, is atuagstateoflime, and 
is vei^ rare ; the other more ooramon, is 
composed of tungstic acid, oxide of iron* 
and a little oxide of manganese. The acid 
is sepanfted ftom the latter in the fc^ow- 
ingway. The wolfram cleared firom its u- 
hoeous ^fffne, and pulverized, ia heated 
in a matrasa with five or six times ita weight 
of muriatic aeid, for half an hour. The ox- 
idea of iioi^ and manganese being thus itis- 
a(dved» we obtain the tungstic acid under 
the form ef a yellow powdsr. After wash- 
ing it repeateifly with water, it ia then di- 
gested m an exeess of liquid aaimonia« 
heated* which dissolves it completely. 
The fiquor is filtered and evaporated to 
dryneas in a capsule. The dir residue be- 
ing ignited, the ammonia niea oft and 
pure tungstic acid remains. If the whole 
of the woUram has not been decompoaed 
in this operation, it must be aubjeeted to 
tho Biuiialic Md eg«in« 
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It i» tttldfeM^ «id 4d^ «ot aibel ▼«§• 
table coloun. The tungsUtea of the alka- 
lis and magnefflaare soluble and oiystaUi* 
zable» the other eitfthy ones are insolttble» 
as well as -those ai iJie metallic oxides* 
The add is oomposed of 100 {>arts metaU 
lie tm^sten* and 25 or 26.4 os^gen.^ 

Acm rUaic). The same with JLivbb) 
Acid; vJiichsee. 

. Aci»4[2oovie). In the liquid pcocived 
hy distillation from animal substanoes^ 
which had been supposed to ooatain only 
carbonate of ammonia and an oil, Bettbol'> 
let imagined he had discovered .a peculiar 
acid, to whichiie gave the name of zoonie. 
Thenardy faowever» hasdemonstntted t^ 
itis merely acetic acid combined with an 
animal matter. 

* AciB (Zuaac]^ An acid called by M. 
Biaconnoty Nanceic, in honour of the town 
of Nancy, where he lives. He diseovered 
it in many acescent vegetable substanoes ( 
in sour rice; in putrefied jiuceof beet* 
root; in sour decoction of casrots, peas^ 
Ice. He imagines that this acid is genera- 
ted at the same time as vinegar inoiganic 
substances^ when they become sour. It 
is withotttteoloai^does not ciystalliae^ and 
has a vesy add taste. 

He. concentrates the soured jmee of 
the beet<«oot tiU it become almost solic^ 
digests it with alcohol, and evaporates 
the afeoholic solution to the conatstenee 
of mnip. He dilutes this witii waiteii^ 
and thiws into it csbonate of zinc tiUit 
be satiueted. He passes die liquid tlirongk 
a filter^ and evammates till a peUtde ap- 
pear. The conmiiition of the newaeid 
with oxide of zinc ctystallizes. After a 
second cfystallizationi he dassdveait m 
watei^ poum in an excess of wi^er of 
barytee^ decomposes by su^hiiric acid the 
baiyticsalfclbniiedyflepanites tiiedeposite 
by a filler, and obtam% by evapovatioi^ 
the new aeid^ pure. 

It IbflBBwithslamiaaasakiesMnbling 
fmOf and with nagnena one unakendble 
m the air, in tittle giamikr eiyslal% 
sduble m 35 parts of water at 66« Fahr ; 
with potash Mid soda it finrms uncrystal» 
lizable salts, d^quesoent and soluble in 
alcohol; with Ime and strontites, sehiM 
granular salts ; with baiytes»an undjrsftalp 
lizaUe noadeliqiieseent sak having the 
aspect of gum; with widte oxide of 
manganeike, a salt which eiyibdfizes in 
tetrd^edxal piisma, soivblein 13 parts of 
water at 60<»; vMk oside of zinc, a salt 
crystaS^fliBg in square prisxiSt ^termuMted 
by smmils ol^uely tronfi«ted|| soluble 
in 50 pacts of water at 66<^i with inm, a 
salt cvyateUizing in slender Ibariflided 
■eedle% ef sparing solubility and not 
diangiag in the air; wiHi red oiide of 
inm, a white noimystalllsing salt; wkk 
<aide of ti% a nk ci)ntal]i»g in wvdgt* 



with oxide ttf lead a« 
oncrystallizable salt, not deliquescent^ 
andresembhogagum; with black oxide 
of merotty, a vory sokihle salt, which 
crystallizes in needles.* 

AciMnA»u. Caoable of being con« 
rerted into an add by an addifyng prin>- 
dple. (See Aciii). Substanoes posses^ 
aing this propeity are catted nsd^cili, or 
0euMfiaNe boiet. 

Acinvu. A tern applied bjT the French 
chemists to those satti^ in which the base 
is combined with such an excess of add» 
that they raanifesdy exhibit acid proper* 
ties; suoh as the supertartrate of potash. . 

* AeoxiTA. A poisonetts vegetable 
principle, probably alkaline, recently ex* 
tracted from the Acomtum napeUw, or 
Wo]firi>ftne^ by M. Brandos. The details 
of the analysis have not reached this 
country.* 

* Acmrasmu JS^fokUtem of Women 
JhrtfthiMf Acthwte kexaidre |of Hauy. 
There are three varieties of this mineral: 
the cryitaUixed, the tttbeH^ua, and thd 

1«^ Crystallized actinolite. Colour leek 
greeny and jg;reen of dasker shades. It 
crystsUizes m hang oblique hexahedral 
prisms with i]T^|;uMr tenninations. Crya» 
taJs frequently, striated lei^(thwise, some* 
times acicuhur. Its lustre is shining. It 
iatranahioest. •ccasionaUv it is found in 
■^fibres. Its qi.gr. Tines from 3.0 1»" 
3.3. Fractuse usuatty radiated « sometuaea 
it la foliated with an indistmct twofold 
lAeava^e. It scritohes glass. 

Sti^Asbestousactinotite. Cekn uag r ee a ^ 
vetging wk fmf and brown, and smalt* 
blue. Msssive and in elastio capiUaiy 
ciystah, which are grouped in wedge* 
shaped, radiated or promiscuous HMMses^ 
Irtemalhistre pearly. Melts before the 
blow'pipe into a dark glaM* Fracture 
intennediate between moss and m^ 
row radiated. Itegments wedge-ehaped* 
Opatpie. Soft. Tough Imt aeetile. Sp. 
|pp.2.rti^2.9. 

34 Glassy aetin^lite. Coloufa» numntaSn 
greeiH and emcnld green. In thin six 
sided needle-fona crystals. Has cross 
rents. Sp. gr. fitmi 3.0 to 3.3. The 
comporitio» <w aetim^ite ia vecy difierendr 
stated by different analysts. Langier^ 
icsidts with glassy aotinoKte are die fol- 
hiwing, and they approximate to those 
of Yaoquelin on ameotaus aetioolite» 
silica 5O9 lime 9.7$, magnesia 19.2^ oxide 
of kon 11, alumina 0.75, oxide of nutfanese 
0.5, oxide of chwm i nm 3, potash 4)Jf, 
mosMure S^ leas 0.35. 29.3. of alumina 
andd.Si ctftuagstic add were found in 
100 parts ef asbestoue ac^aoUte from 
Comwal], anabaed by Br. Thomson. 
Actinolite is found cbieflv in primitiva 
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tftle. Hid aome nneaeemi* 
iticks/ Its pnndpal localities are SQIler- 
thal, in the '^rrol; Mont St. Gothard} near 
Baltzbuif^, in Saxony • in Norwa]^ and in 
Piedmont. In Great Britain, it is foond 
in Conwall and Wales $ and in Glen Elg» 
the isles of Lewis and Sl^. It is nerer 
found in secondary mountains.* 
AsAXAST. See DtAvon. 
AvAVAHTiiTB Spab. This stone, which 
comes to us from the peninsula of Hither 
India, and alM> Ihrni Cluna, has not en- 
gaged the attention of the chemical world 
till within a few years past. It is remark- 
ftble for its extreme hardness^ which ap* 
proachesto that of the diamond, and by 
wtue of wluch property it is used §it 
polishing ffems. 

Two yaneties of tins stone are known 
in Europe. The first comes fifom China. 
It is crystallized, in sax-aided prisms, with- 
out pyramids, the length of which varies 
from half an inch to an inch, and their 
thickness jb about three quarters of an 
inch. Its ookxir is gray of dnferent shades. 
The larger pieces are opaque ; but thin 
]^ieees and the edges or the prisms are 
transparent. Iti fracture is bnlliant, and 
its texture spatheoe; which causes its 
Burfoce to appear Tightly striated. Its 
t^skals are covered with » very fine and 
Utrong^ adherent crust of plates of silveiy 
nica, mixed withpvrtides ofred feldspar. 
A yellow superficial covering of sulphate 
of iion was observed upon one speci- 
men. ' 

This stone is so hard that it not only 
«itts glass as easily as a diamond, but like- 
wise marks rock crystal and several other 
liard stones. Its specific gravity is 3.710. 
Small ciystalline grains of mi^etical 
fmoinnoiis calx are occasionally found in 
tiieaidamantine spar of China, which may 
be separated by the magnet when the 
atone is pulverized. 

The second variety, which comes from 
India, is called Corundum by the inhabi- 
tants of Bombay. It differs from the foi^ 
mer by a white ccdour, a texture more evi- 
dently spathose, and lastly, because the 
grains or roagnetical inm are smaller than 
inT the former specimens, and are not in- 
terspersed through its substance, but <»ily 
at its surface. 

From its hardness it is extremely difii- 
cult to analyze* M. Chenevix,by repeat- 
edly heating it red hot, and then phuiging 
it into cold water, caused it to appear fis- 
sured in every direction. He then put it 
into a steel mortar, slKNit three quarters 
ef an inch in diameter, and three isMshes 
deep, to which a steel pestle was closely 
fitted. A lew blows on the pestte caused 
it to crmnble, and the fri^^ents were tiien 
ettily reduced to an irapalpshle |>owder 
I^ an agate |>e8tle and mortar. Thispow* 
dier was fused in a crucible of pUtmum 



wi6i twiee its weMt of cd(^ied ^o»x, 
and the glass was dissolved by boiling in 
muriatic acid about twelve hours. The 
precipitates from this solution being ex- 
amined, a specimen from China wasfoand 
to give from 100 parts, 86.50 of alumina, 
5.3S of silex, 6. 50 of iron : one from Ava« 
alumina 87, ailex 6.5, iron 4.5: one from 
Malabar, alununa 86.5, rilex 7, iron 4 : one 
from the Camatic, alumina 91, rilex 5, iron 
1.5. 

The Rev. Mr. W. Gregor analysed a 
specimen from Thibet, in we collection of 
Mr. Rashleigh, which gave him alumina 
81.75, silex 13.135, oxide of titamum 4^ 
water 0.937, but no iron. 

Thb stone has been said to have been 
found in different parts of ISurope, and 
near Philadelphia in America ; but most, 
if not all of the specimens have proved not 
to be the adamantine spar. Lately, how- 
ever. Prof. Pini haa discovered a stone in 
Italy, the characters of which, as given by 
him, ag^ree with those of the adamantine 
spar. See Coitrvnim. 
AwiBSfoir. See Conzsroir. 
* Avnasivx Siats. See Siati.* 
Adipocbm. The attention of chemists 
has been much excited by the spontaneous 
conversion of animal matter into a sub- 
stance considerably resembling spermace- 
ti. The fiict has long been well known, 
and is said to have been mentioned in the 
works of Loud Bacon, though I have not 
seen the passage. 0n the occasion of the 
removal of a very great number of human 
bodies from the ancient burying-place des 
Innocens at Paris, frets of tiiis nature were 
observed in the most striking manner. 
Fonrort^ may be oilled the soientifio dis* 
coverer of this pecnliar matter, as weQ as 
the saponaceous ammomacal substanoe 
contained in bodies abandoned to sponta- 
neous destructioB in large masses. This 
chemist read a memmr on the subject in 
the year 1789 to the Royal Academy of 
Sciences, from whidi 1 shaU abstract th^ 
generri contents. 

At the time of clearing the before men* 
tioned burying-place, certain pl^osopbera 
were spedal^ charged to direct the pre- 
cautions reqmrite for securing the heaMl 
of the worlanen% A new and ringular ob- 
ject of veseardi presented itsen^ wbid& 
had been necessarily unknown to prece- 
<ting chemists. It was impOsnble to fore- 
tell what might be the contents of a soil 
overioadedfor suocesrive ages withbodieft 
resignedtotheputrefrctive process. This 
spot dtfiered from commoir bwyini** 
grounds, where each individnsl object is 
surrounded by a portion of the soil. It 
was the buiying-groond of a large district 
wherein successive generations of the in- 
habitants had been deporited for upwards 
of three eenftiiriaa. It coold not he fore- 
seen that the entire dccraiposition ought 
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Ibe lelMRied fo moie liMm linfy jfMi) 
neither yns there any reason to soapeet 
that any xemarkable difference would axiie 
from the angularity of atuation. 

The nemains of the himan bodies im- 
mexsed in this bmss of putrescence were, 
found in three different states, according^ 
to the time they had been buried the 
itee tiiey occnfued, and their relatiye 
atuatiQBs with regard to each ether. The 
most ancient were simply porticms of 
bones» irreguhsly dispersed in the soil, 
which had been nequ^itly disturbed. A 
iecond 8tate» in certain bodies which had 
always .been insuiated, exhibited the skiB» 
the muscles, tendons^ and aponeuroses^ 
dgr, brittle, hard, more or less grur, and 
aiffiilar to what are called mumimeamcer^ 
tuQ caverns where tins change has been 
obseiTied, aa in the catacomM at Bame^ 
and the vault of the GcadeUeia at Tou* 
louse. . 

The third and most singular state of 
these soft parts waaobsenredhi thebo<^s 
which filk^ the common Ksaves car xepo- 
atories. By this appellation Mfe uadeiw 
stood caviuea of thirty feet in d^th and 
twenty on each side, which were dug in 
the biucying-ground ai the Innocents, and 
were appropriated to contun the bodies 
of the poors whioh were placed in very 
dose TOWS, each in its proper wooden 
bier«. The necessity for di^osing a great 
AumbCT obliged the men chuged with this 
employmeiit to anan^ them so near each 
other, that these cavzties might be consi- 
dered when filled as an entire mass of hu- 
man bodies, separated only by two phuikt 
of about half an inch thick. Each cavity 
contained between one thousand and fif- 
teen hundred. When one commcHi ^ve 
of this magnitude was filled, a covermgof 
about onelbot deep of earth was laid upon 
i^ and another excavation of the same sort 
was made at some distance. Bach grave 
remained oj^n about three :^ear8^ which 
was the time required to fill it. Accord- 
hig to the urgency of ciroumstances, tiie 
graves were again made on the same spot 
after an interval of time not less than fif^ 
teen years, nor more than thirty. Expe- 
nence had taught the workmen, that &is 
time, waa not sufficient for the entire de- 
atroction of the bodies, and had shown 
them the priMfreosive chanees which fomi * 
the object oflfr. Fourcroy^s memoir. 

The first of these large graves opened 
in the presence .of this chenust, had been 
closed for fifteen years. The coffins were 
in good preservation, but a little settled, 
and the wood (I suppoee deal) had a yel- 
low tinge. When the covers of several 
were taken off, the bodies were observed 
»tthe bottom, leaving a. conaderable dis- 
tance between their surjbce and the cover* * 
and ftgteiKd as if they h«^ ss^es^d a 



stMBgeompfeMMm. ThefineawladihaA 
covered them was slightly adherent to the 
bodies ; and, with the form of the differs 
ent regions, exhibited* on removing the 
Unen, nothing but irregular masses of % 
soft ductile matter of a gray white colour. 
These masses environed the bones on all 
sides, which had no solidity, but broke by 
any sudden pressure. The appearance of 
this matter, its obvious composition and 
its softness, resembled common white 
cheese; and the resemblance was more 
striking from the print which the threads 
oi the linen had made upon its surface. 
This white substance yielded to the touchy 
and became soft when rubbed for a time 
between the fingers. 

No very offensive smell was emitted 
from these bodies. The novelty and sin- 
gularity of the spectacle, and the example 
of the grave-diggers, dispelled ev^y idea 
either of disgust or apprehension. These 
men asserted that they never found thi» 
matter, by them called jre* (fat), in bo- 
dies interred alone ; but that the aocumu* 
lated bodies of the common graves only 
were subject to this change. On a very 
attentive examination of a number of bo» 
dies passed to this state, M. Fourcroy re* 
marked, that the conversion appeared ii| 
different stages of advancement, so thai* 
in various bodies^ the fibrous texture and 
colour, more or less red, were discernible 
within the fatty matter ; that the masses 
covering the bones were entirely of the 
same nature, offering indistinctly in all the 
regions a gray substance, for the most part 
soft and ductUe, sometimes dry, alwi^ 
easy to be separated in porous fragment^ 
penetrated with cavities, and no longer 
exhibiting any traces of membranes* mus« 
des, tendons, vessels, or nerves. . On the 
first inspection of these white masses, it 
might have been concluded that they were 
simply the cellular tissue, Uie compart- 
ments and vesicles of which they veiy well 
represented. 

By examining this substance in the dif- 
ferent regions of the body, it was found 
that the akin is particularly disposed to thia 
remarkable alteration. It was afterwards 
perceived that the ligaments and temions 
no Ioniser existed, or at least had lost their 
tenacity: so that the bones were entirely 
unsupported, and left to the action of their 
own weight. Whence their relative places 
were preserved in a certain degree by 
mere juxtapositions the least effort being 
sufficient to separate them. The grave- 
diggers availed themselves of this circum- 
stance in the removal of the bodies. For 
they rolled them up from head to feet, 
and by that means separated from each 
other the extremities of the bones, which 
had formerly been artic^ulated. In all these 
fsadk^ mi^. we;^ Gh«iig^4 into ^^ ^^^^ 
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pewed. Tlie t^iumeBte uid miuelet of 
thuMgiMi beinif cooTetted into the white 
natter, like the other toft puiB, hed tub* 
nded upoB the Teitebrei eolumi, end were 
■o flelteaed as to leave no plaee fcr the 
viacera» and aceordingly tiiere waaiearce- 
1/ ever anr trace obMrved in the almoal 
Obliterated Gan^^ This ebseiratton wae 
for a lon|^ time matter of aatomahnent to 
the iftTestigatQfa. In man did thej aeek 
in the mater number of bodies the place 
abstance of the stomach, the intee- 



te; and the j«w% boated 



aadsui 

tines, the Madder, and even the liver, the 
spleen, the kidn^n, and the matrix in fe* 
males. AU these viscera were confound* 
ed toflwther, and for the most part no tra- 
ces m them were left. Gkmietimes only 
certain kveguhff masses were found, of the 
same nature as the white matter, of differ- 
ent bulks, from that of a nut to two or 
three inches in diameter, in the regions of 
the liver er of the spleen. 

The thomx likewise offered an assem* 
hl»g% ef foels no lem siajpilar and interest- 
ing^. The ezlemal pait of this cavity was 
flattened and eomi^essed like the rest of 
the ofgane; tiie tib% spontaneously lux- 
ated in their mtieulations wiAthe ver> 
tsbn», were settied upon the dorsal co- 
lumn; thev arched part left oidy a smaU 
spaee <m each side between them and the 
vertebrs. The plows, the mediasthram^ 
tiie lars^e vessek, the aspera arteria, and 
even the lungs and the heart, were no 
longer diatinguisbable: but for the most 
part had entirefy disappeared, and hi tiieir 
place notlnng was seen but s<Hne paroele 
of the fiitt^ substance. In this case, tiie 
matter which was the product of decom- 
position of the viscera, diarged wHh blood 
and various humours, differs from that of 
the sui#bce of the body, mid ^e long 
bones, in the red or brown colour pos- 
sessed b V the former. Sometimes the ob» 
servers found in the thorax a mass irregu- 
larly rounded, of the same nature as the 
latter, which appeved te them to have 
arisen from tiie fat and fibrous substance 
of the heart They supposed that this 
mass, not constantly found in aU the sub- 
jects, owed its enstence to a superabun- 
dance of fat in this viscus, where it was 
found. For the ^neral observation pra** 
sented itself, that msiflrilsr circumstances^ 
tbe ht parts undergo this conversion mote 
evidently than the others, and affbid a 
larger quantity of the white matter. 

The external region in femides exhibit- 
ed the gfatndular and appose mass of the 
breasts conveited into Hke fhtty mmter 
very white and very homegenecms. 

The head was, as has idreadybecn re- 
marked, environed with the fotty matter t 
the face was no longer distinguishable in 
the gresjtest number el n&jeetst th« 



ed with ixr^ukff kyeta of the white maU 
ter. Some pieoeac^ the mme matter usu- 
attyooenpiedthe piaoeof the parts aito* 
sled in the mevth ; the eaitihigea of the 
■ese partie^>aftedin the general altmmtion 
oftbeskin; the orbits instead of eyes con- 
tained white masses; the earn were equal- 
ly dissfgsnired; and the hairy smdp, liav. 
ing un d e rg o ne a simflar al U ii moH tethat 
ofthe ether organ% stiH retahwd the hair. 
M. Poorcroy remsrka incadentalfy, that the 
hair apposes to rssist evny altesntloii umnh 
longer than any other past of the body. 
The oranium oonsiattly eontained the 
biaia oentmoted in biilfc» Uaekidi at the 
8mtfooe» and ahsehitel/ ehanged like the 
other oigans> In « gnat number of aid>« 
jeets w£kh wese examined, this i^ecos 
was never found wsn^ng, snd it woo al« 
wayajntheabefe-mentiontdstatei whick 
that the snfaatanae ef the brain Is 
ly daspeoed to be comrerted into the 



fotms 



Such wasHie slate of the bodies foondl 
the buiial-gMWid des fnoooens. Its 



sistonoe m bodaea hiteW changed, that is 
to say, from throe te flee yesasi was sofik 



tity of water. In other snbjeets eonverted 
mto this matter ibr s long time, sach as 
those which oocH|>iedtfao cavities whieb 
had been dosed mirly or forty jFoari, this 
matter is drier, mere brittle^ and in den* 
ser flakes^ In several which were deposit- 
ed in dry earth, vaiioas portiens of the 
fotty matter had become semi<4rMisparent, 
The aspect^ the granulated textm, and 
britilenew of this dried aurtter, bore a 
eonsidemble resemblance to wax. 

The period of the fbrmation of this sub- 
stanoe had likewise an iaffuence on its 
ntopertics. in general, all that which had 
seen fevmed lor a long time wa»white^ 
mnfosm, and contain^ no foasign sub- 
stance^ or ffbroue remains; such,ki par- 
ticohur, was that afforded by the skin of 
the extremities. On the oootniy, in bo- 
dies reeenlly chawed, the fotty- matter 
was neither so uniform nor so pue as in 
the former ; bet it was stitt found to con» 
tiin portions of muscles, tendons, and figs- 
ments, the texture of which, though aL» 
ready altered and changed in its colour, 
was still distinginshable. Aoeonyngly, as 
the conversion was more or less ama> 
eed, these fibrous remains were more or 
less p e n etrate d with the fiitty matter, in- 
terposed' as it were between the inlersti- 
ees of the ftbres. This observation show% 
tiiat it is net merely the &t which is thus 
changed, as was natual enough to think 
sttoti^ghti Other foots contathbatk 
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sertion. The skin, as has been i«ma¥ke<l, 
becomes ea&Ujr converted into very pure 
white matter, as does likewise the brain, 
neither of which has been considered by 
anatomists to be fat. It is true, neverthe- 
less^ that the unctuous parts, and bodies 
charged with fat, appear more easily and 
spe^ily to pass to the state under con- 
sideration. This was seen in the mairow, 
which occupied the cavities of the longer 
bones. And again, it is not to be supposed, 
but that the greater part of these bodies 
had been emaciated by the illness which 
terminated their lives; notwithstanding 
which, they were all absolutely turned in- 
to this fatty substance. 

An experiment made by M. Poulletier 
de la Satte, and Fourcroy likewise evinced 
that a conversion does not take place in 
the fat alone. M. Poulletier had siispended 
in his laboratory a small piece of the hu- 
man Uver, to observe what would arise to 
it hy the contact of the air. It partly pu- 
trefied, without, however, emitting any 
Tery noisome smell. Larvae of the dermes- 
les and bruchus attacked and penetrated 
it in various directions ; at last it became 
diy, and after more than ten years* sus- 
pension^ it was converted into a white fria- 
ble substance resembling dried agaric, 
which might have been taken for an earthy 
substance. In this state it had no percep- 
tible smefl. M. Poulletier was desirous of 
knowing the state of this animal matter, 
and experiment soon convinced him and 
M. F. that it was very far from being in 
the state of an earth. It melted by heat, 
and exhaled in the form of vapour, which 
had the smell of a very fetid fat ; spirit of 
wine separated a concresdble oil, which 
appeared to possess all the properties of 
spemiACeti. Each of the three alkalis con- 
verted it into soap, and in a word it ex- 
hibited all the properties of the iatty mat- 
ter of the burial-ground of the Innocents 
exposed for several months to the air. 
Here then was a glandular organ, which 
in the midst of the atmosphere bad under- 
gone a ehange similar to that of the bodies 
in the buiying^place ; and this fact suffi- 
ciency diows, that an animal substance 
which is very far from being of the nature 
ofgrease^may be totally converted into 
this £adtty substance. 

Among the modifications of this remark- 
able subii^nce in the burying-gronnd be- 
fore mentioned, it was observed that the 
dry, friable, and brittle matter, was most 
eomnionly found neav the surface of the 
earth, md the soft ductile matter at a 
greater depth. M. Fourcroy remarks, that 
this dry matter did not differ from the 
other merely in containing less water, but 
fikewise by the volatilization of one of its 
principles. 

The grave-diggeis assert, that, nei^ 
Vol. !• [16] 



thTCie yeafs sere required toccntrert a bo^ 
into this fatty substance. But Dr. Gibbeg 
of Oxford found, that lean beef secured is 
a running stream was converted into this 
fatty matter at the end of a month. He 
judges from fatts, that running water is 
most favourable to this process. He took, 
three lean pieces of mutton, and poured 
on each a quantity of the three commoik 
mineral acids. At the end of three days« 
each was much changed : that in the ni- 
tric acid was very soft, and converted in- 
to the fatty matter ; that in the muriatic 
acid was not in that time so much altered $ 
the sulphuric acid had turned the other 
black. M. Lavoisier thinks that this pro^ 
cess may hereafter prove of g^at use in 
society. It is not easy to point out what 
animal substance, or what situation, might 
be the best adapted for an undertaking of 
this kind. M. L. points out fecal matters ; 
but I have not heard of any conversion 
having taken place in these animal re- 
mains, similar to that of the foregoing. 

The result of M. Fourcroy*s inquiries 
into the ordinary changes of bocties recent- 
ly deposited in the earth, was not very ex- 
tensive. The grave-diggers informed him, 
that these homes interred do not percep- 
tibly change colour for the first seven or 
eight days ; that the putrid process disea* 
gages elastic fluid, which inflates the ab- 
domen, and at leng^ bursts it; that this 
event instantly causes vertigo, faintness^ 
and nausea in such persons as unfortu- 
nately are within a certain distance of the 
scene where it takes place ; but that when 
the object of its action is nearer, a sudden 
privation of sense, and frequently death, 
is the consequence. These men are taught 
by experience, that no immediate danger 
is to be feared from the disgusting busi- 
ness they are engfaged in, excepting at 
this period, which they "regard with the 
utmost terror. They resisted every in- 
ducement and persuasion which uiese 
philosophers made use of, to prevail on 
them to assist their researches into the na- 
ture of this active and pernicious vapour. 
M. Fourcroy takes occasion horn these 
facts, as well as from the pallid and un- 
wholesome appearance of the grave-dig- 
gers, to reprooate burials in great towns 
or their vicinity. 

Such bodies as are interred alone, in 
the midst of a great quantity of humid 
earth, are totally destroyed by passing 
through the successive degrees of the or- 
dinary putrefaction ; and this destruction 
is more speedy, the warmer the tempera- 
ture. But if these insulated bodies be dry 
and emaciated; if the place of deposition 
be likewise dry, and the locality and other 
circumstances such, that the earth, so far 
from receiving moisture from the atmo8«| 
phere, becomes still inore effectually 
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pittheA hj <hc wohr ngrt;— «lie 
Juices are volatilized and abaorbed, the 
8<^da contract and harden, and a peculiar 
ipecies of mummy is produced. But eve- 
ly circumstance ia very different in the 
common burying-grounds. Heaped toge- 
ther almost in contact, the influence of ex- 
ternal bodies affects them scarcely at all, 
and they become abandoned to a peculiar 
diMirganization, which destroys their tex- 
ture, and produces the new and most per- 
manent state of combination here describ- 
ed. From various observations which I do 
not here extract, it was found, that this 
Htty matter was capable of enduring^ in 
these burying^places for thirty or forty 
yean, an^ is at length corroded and car- 
tied off by the aqueous putrid humidity 
which there abounds. 

Among other interesting^ facts afforded 
by the chemical examination of this sub- 
•tance, are the following from experi- 
ments by M. Fourcroy. 

1. This substance is fused at a less de- 
gree of heat than that of boiling water, 
and may be purified by pressure through 
» cloth, wbicn disengages a portion of fi- 
brous and bony matter, 3. The process 
of destructive distillation by a very g^radu- 
ated heat was beg;iin, but not completed 
on account of its tediousness, and the Ut- 
tle promise of advantage it afforded. The 
products which came over were water 
charged with volatile alkali, a fat oil, con- 
crete volatile alkali, and no elastic fluid 
during the time the operation was contin- 
ued. 3. Fragments of the fatty matter ex- 
posed to the air during the hot and dry 
summer of 1786 became dry, brittle, and 
almost pulverulent at the surface. On a 
careful examination, certain portions were 
observed to be semi-transparent, and more 
brittle than the rest These possessed all 
the apparent properties oi wax, and did 
not afford volatile alkali by distillalion. 
4. With water this fatty matter exhibited 
all the appearances of soi^>, and affoided 
a strong lather. The dried substance did 
not form the saponaceous combination 
with the same facility or perfection as that 
which was recent. About two-thirds of 
this dried matter separated from the water 
by cooling, and proved to be the semi- 
transparent substance resembling wax. 
This was taken from the surface of ^e 
soapy liquor, which bein^ then passed 
tiirough the filter, left a white soft shining 
tnatter, which was fusible and con^usti- 
ble. 5. Attempts were made to ascertain 
the quantity or volatile alkali in this sub- 
stance bv the application of lime, and of 
the fixed alkalis, but without success : for 
it was diificuh to collect and appreciate 
the first portions which escaped, and like- 
wise to disengage the hat portions. The 
.Caustic volatile alkali, with thr Msifitanro 



of % gentle hc«t, dissolved the fktty mat^ 
ter, and the solution became perfectly 
clear and transparent at the boiling tem- 
perature of the mixture, which was 185^ 
F. 6. Sulphuric acid, of the specific gra- 
vity of 2.0, was poured upon six times its 
weight of the fatty matter, and mixed by 
agitation. Heat was produced, and a gas 
or efiluvium of the most insupportable 
putrescence was emitted, which infected 
the air of an extensive laboratory for se- 
veral days. M. Fourcroy says, that the 
smell cannot be described, but that it is 
one of the most horrid and repulsive that 
can be imagined. It did not, however, 
produce any indisposition either in him- 
self or his assistants. By dilution with wa- 
ter, and the ordinary processes of evapo- 
ration and cooUng, properly repeated, the 
sulphates of ammonia, and of Ume were 
obtained* A substance was separated from 
the liquor, which appeared to be the waxy 
matter, somewhat altered by the action of 
the acid. 7. The nitrous and muriatic 
acids were also apphed, and afi'urded phe- 
nomena worthy of remark, but which for 
the sake of conciseness are here omitted. 
8. Alcohol does not act on this matter at 
the ordinary temperature of the ur But 
by boiling it dissolves one-third of its own 
weight, which is almost totally separable 
by cooling as low as SS**» The alcohol, af- 
ter this process, affords by evaporation a 
portion of that waxv matter which is se- 
parable by acids, and is therefore the only 
portion soluble in cold alcohol. The quan- 
tity of fatty matter operated on, was 4 
ounces, or 2304 grains^ of which the boil- 
ing spirit took up the whole except 26 
grains, which proved to be a mixture of 
20 fpwns of ammoniacal soap, and 6 or 8 
grains of the phosphates of soda and of 
Ume. From this experiment, which was 
three times repeatea with similar results, 
it appears that alcohol is well suited to af- 
fora an analysis of the fiitty matter, it does 
not dissolve the neutral salts ; when cold 
it dissolves that portion of concrete animal 
oil from which the volatile alkali had flown 
off, and when heated it dissolves the 
whole of the truly saponaceous matter, 
which is sfterwards completely separated 
by cooling. And accordingly it was found, 
that a thin plate of the fatty matter, which 
had lost nearly the whole of its volatile al- 
kali, by exposure to the air for three years, 
was almost totally dissolved by the cold al- 
cohol. 

The concrete oily or waxy substance 
obtained in these experiments constitutes 
the leading object of research, as being 
the peculiar substance with which the 
other well known matters are combined. 
It separates spontaneously by the action of | 
the aff, as well as by that of acids. These 
last tepantft it in » state of greater purity j 
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tk less difpooed the acid maybe to ope- 
rate ID the way of combostioii. It is requi- 
lite, therefore, for this purpose, that the 
fatty matter should be previously diifused 
in 12 times its weight of hot water; and 
the muriatic or acetous acid is preferable 
to the sulphuric or the nitrous. The co- 
lour of the waxy matter is grayish ; and 
though exposure to the air, and also the 
action of the oxygenated muriatic acid did 
produce sn apparent whiteness, it neveiv 
theless disappeared by subsequent fusion. 
No method was discovered by which it 
souid hi permanently bleached. 

The nature of this wax or fat is differ- 
tnt from that of any other known subsUnce 
of the like kind. When slowly cooled af- 
ter fusion, its texture appears crystaUine 
orsbiveiy, like spermaceti ; but a speedy 
eoohng gives it a semi-tTansparency re- 
sembling wax. Upon the whole, never- 
theless, it seems to approach more nearly 
to the former than to the latter of these 
bodies, it has less smell than spermaceti, 
andmeha at i^r^'F.; Dr. Bostock says 
92^. Spermaceti requires 6^ more of heat 
to fuse it, (according to Dr. Bostock 2u*>). 
The spermaceti did not so speedily be- 
come brittle by cooling as the adipocere. 
One ounce of alcohol of the. strength be- 
tween 39 and 40 degrees of Baume's areo- 
meter, dissolved when boiling hot 12 gros 
of this substance, but the same quantity in 
like circumstances dissolved only 30 or 36 
grains of spermaceti. The separation of 
tiiese matters was also remarkably differ- 
ent, the spermaceti being more speedily 
deposited, and in a much more regular 
and cf^stalline form. Ammonia dissolves 
vith smgular facility, and even in the cold, 
this concrete oil separated from the fatty 
matter ; and by heat it forms a transparent 
lolutioQ, which is a true soap. But no ex- 
cess of ammonia can produce such an ef- 
fect with spermaceti. 

M. Fourcroy concludes his memoir with 
some speculations on the change to which 
animal substances in peculiar circum- 
itances are subject. In the modem che- 
mistry, soft animal matters are considered 
IS a composition of the oxides of hydrogen 
and carbonated azote, more complicated 
than those of vegetable matters, and 
therefore more incessantly tending to al- 
teration. If then the carbon be conceived 
to unite with the oxygen, either of the 
vater which is present, or of the other 
animal matters, and thus escape in large 
quantities in the form of carbonic acid 
gas, we shall perceive the reason why this 
conversion is attended with so great a loss 
of weight, namely, about nine-tenths of 
the whole. The azote, a principle so abun- 
dant in animal matters, will form ammonia 
)>y combining with the hydrogen ; part of 
^ will esfli^e m the vaporout foxnv and 



the TCit will femain fixed in Iheiktty 4 

ter* The residue of the animal mattern 
deprived of a great part of their carb<m, 
of their oxygen, and the whole of theiff 
aiote, will consist of a much greater pro- 
portion of hydrogen, together with caiw 
bon and a minute quantity of oxygen. 
I'his, according to the theory of M, Four* 
croy, constitutes tJae waxy matter, or adi-* 
pocere, which in combination with ammo- 
nia forms the animal soap, into which the 
dead bodies are thus converted. 

Muscular fibre, maceratedin dilute nitrie 
acid, and afterwards well washed in warm 
water, afiords pure adipocere, of a light 
yellow colour, nearly of the connstence of 
tallow, of a homogeneous texture, and of 
course free from ammonia. This is the 
mode in which it is now commonly pro- 
cured for chemical experiment. 

Ambergris appears to contain adipocere 
in large quantity, rather more than half of 
it bein^ of this substanoe. 

* This curious substance has been more 
recently examined by Chevreul. He found 
it composed of a small quantity of ammo* 
nia, potash, and lime, united to much mar- 
garine, and to. a very little of another &tt^ 
matter different from that. Weak muri- 
atic acid seizes the three alkaline bases. 
On treating the residue with a solution of 
potash, the margarine is preeipitated m the 
form of a pearly substance, while the other 
fat remains dissolved. Fourcroy being of 
opinion that the fatty matter of animal car- 
cases, the substance of biliaiy calcufi, and 
spermaceti, were nearly identical, gave 
them the same name of adipocere ; luit it 
appears firom the researches of M. Che- 
vreul that these substances are very dif- 
ferent from each other. 

In the Philosophical Transactions for 

1813 there is a very interesting paper on 

the above subject by Sir £. Home and Mr. 

&nnde. He adduces many curious facte 

to prove that adipocere is formed by^ an 

incipient and incomplete, putrefaction, 

Mary Howard, aged 44, died on the 12th 

May 1790, and was buried in a grave ten 

feet deep at the east end of Shoreditch 

church-yard, ten feet to the east of the 

great common sewer, which runs from 

north to south, and has always a current of 

water in it, the usual level of wbich is eight 

feet below the level of the ground* and 

two feet above the level of the coffins in 

the graves. In August 181 1 the body was 

taken up, with some others buried near it, 

for the purpose of building a vault, and 

the flesh in all of them was converted into 

adipocere or spermaceti. At the full and 

new moon the tide raises water into the 

graves, which at other times are dry. To 

explun the extraordinary quantities of fat 

or adipocere formed by animals of a cei^ 

tain uitcitinal cons^uction. Sir B. ob^ 
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mrfCB, thftt the cuilent of water wbidi 
passes through their colon, while the loca* 
fated latenU parts are full of sohd matter, 
places the sohd contents in somewhat sim« 
ikr circamstances to dead bodies in the 
hanks of a common sewer. 

The ciremsUnce of ambergris, which 
contains 60 per cent, of fat, being found in 
immense quantities in the lower intestines 
of the spermaceti whales, and never higher 
«p than seven feet from the anus, is an un- 
deniable proof of fiit being formed in the 
intestines ; and as ambergris is only met 
with-in whales out of health, it is most 
probably collected there, from the absor- 
bents, under the influence of disease, not 
acting so as to take it into the constitution* 
In the human colon, solid masses of fat 
are sometimes met with in a diseased state 
cf that canaU and are called Bcybala, A 
description and analysis by Dr. Ure of a 
inass of ambergris, extracted in Perthshire 
from the rectum of a Uving woman, were 
published in a London Medical Journal 
m September 1817. There is a case com- 
Bmnicated by Or. Babington, of fat form- 
ed in the intestines of a girl four and a half 
years old, and passing oti by stool. Mr. 
Brande found, on the suggestion of Sir £. 
Home, that muscle digesteid in bile, is con- 
Tertible into fat, at the temperature of 
about 100^. If the substance, however, 
pass rapidly into putrefaction, no fat is 
TOnped. Faeces voided b^ a gouty gen- 
tleman after six days constipation, yielded, 
on infusion in water, a &tty film. This 
process of forming fat in the lower intes- 
tines by means of bile throws conndera- 
ble light upon the nourishment derived 
from dysters, a fact well ascertained, but 
which could not be explained. It also ac- 
counts for the wasting of the body which 
to invariably attends all complaints of the 
lower bowels. It accounts too for all the 
Tarieties in the turns of the colon, which 
we meet with in so great a degree in dif- 
ferent animals. This property of the bUe 
explains likewi^ the formation of fatty 
concretions in the gall bladder so common- 
ly met with, and which, from these experi- 
ments, appear to be produced by the ac- 
tion of the bile on the mucus secreted in 
the gall bladder; and it enables us to un- 
derstand how want of the gall bladder in 
children, from mal-formation, is attended 
with excessive leanness, notwithstanding 
a great appetite, and leads to an early 
death. Fat thus appears to be formed in 
the intestiqes, and from thence received 
into the circiilation, and deposited in al- 
most every part^rf" the body. And as there 
appears to be no diregt channels by which 
any superabundance of it can be thrown 
out of the body, whenever its supply ex- 
ceeds the consumption, its aocunmlation 
"becomes a diaeaae, and o(^n a very dis- 



tressing one. See Biuabt concretions 
and l^UasAmisB.* 

* Aorr, in mining, is a subterraneous 
passage shghtly inchned, about six feet 
nigh and two or three feet vide, begun at 
the bottom of a neighbourisg valley and 
continued up to the vein, for the purpose 
of carrying out the minerals and drawing 
off the water. If the mine respire drains 
ing by a steam-engine from \ greater 
depth, the water need be raisei only to 
the level of the adit. Inhere is a|^ood ac- 
count of the Corrdth atUta b^ Mr. V. Phil- 
lips, Trans. Geol. Soc. vol. ii.; and cf adits 
in general, article Ckderie^ Brongtiart's 
Mineralogy, vol. ii.* 

Adoptks. a vessel with two necks 
placed between a retort and a receiver, 
and serving to increase the length of the 
neck of the former. See LisoaAToar. 

* Avui^HiA. See FsinsPAB.* 
Aehatkd Alkalutx Watxb. See Acz* 

(Cabbovic). 

Abaial Agio. See Acid (Cabboitig). 

* Abboutb or Mbtbobic Srovs. See 

M&TBOBOUTB.* 

* AsaoxBTBB. The name given by Dr« 
M. Hall to an ingenious instrument of his 
invention for making the necessaiy cor- 
rections in pneumatic experimental, to as- 
certain the mean bulk of the gases. It 
consists (^*a bulb of glass 4^ cubic inches 
capacity, blown at the end of a long tube 
whose capacity is one cubic inch. This 
tube is inserted into another tube of near- 
ly equal length, supported on a sole. The 
first tube is sustained at any height within 
the second by means of a spring. Five 
cubic inches of atmospheric air, at a me- 
dium pressure and temperature, are to be 
introduced into the bulb and tube, of the 
latter of which it wiil occupy one-half; 
the other half of this tube, and part of the 
tube into which it is inserted, are to be 
occupied by the fluid of the pneumatic 
trough, whether water or mercury. The 
point of the tube at which the air and fluid 
meet, is to be marked by the figure 5, de- 
noting 5 cubic inches. The upper and 
lower halves of the tube are each divided 
into 5 parts, representing tenths of a cubic 
inch. The external tube has a scale of in- 
ches attached. Journal of Science^ vol, v. 
See Gas.* 

* Abbostattow. a name commonly, but 
not very correctly, given to the art of rais- 
ing heavy bodies into the atmosphere, by 
the buoyancy of heated air, or gases of 
small specific gravity, enclosed in a bag. 
Which, from being usually of a spheroidal 
form, is called a balloon. Of all the possi- 
ble shapes, the globular admits the great* 
est capacity under the least surface. Hence, 
of two bags of the same capacity, if one be 
spherical, and the other of any other shape, 
the former will pontain the least quas.^ty 
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of clotli, Of the least surface. The sphe- 
roidal form is therefore best fitted for 
aerostation. Varnished lut estring or mus- 
lin is employed for the envelopes. The 
following table shows the relation betwixt 
the diameters, surfaces, and capacities of 



spheres : 



Diameters. 


Sor&oes. 


Capacitiefl. 


1 


3.141 


0.523 


2 


12.567 


4.188 


3 


28,274 


14.137 


4 


50.265 


33.51 


5 


78.54 


65.45 


10 


314.159 


523.6 


15 


706.9 


1767.1 


30 


1256.6 


4189. 


35 


1963.5 


8181. 


30 


2827. 


14137. 


40 


5026. 


33510. 



Having ascertained by experiment the 
weight of a square foot of the varnished 
cloth, we find, by inspection in the above 
table, a middplier whence we readily com- 
pute the total weight of the balloon. A 
cubic foot of atmospheric air weighs 527 
gr. and a cubic foot of hydrogen about 40. 
But as the gas employed to fill balloons is 
never pure, we must estimate its weight 
at something more. And perhaps, taking 
every thing into account, we shall find it 
a convenient and sufiiciently precise rule 
for aerostation, to consider every cubic 
foot of included gas, to have by itself a 
bouyancy of fully one ounce avoirdupois. 
Hence a balloon of 10 feet diameter will 
have an ascensional force of fully 524 oz. 
or 33 lbs. wiwww the weight of the 314 su- 
perficial feet of cloth ; and one of 30 feet 
diameter, a buoyancy of fully 14137 oz. or 
nearly 890 lbs. minus the weight of the 
2827 feet of cloth. On this calculation no 
allowance need be made for the seams of 
the balloon. See the article Vabwish.* 

-Etttes, or Eaglx Stowb, is a name that 
has been given to akind of hollow geodes 
of oxide of iron, often mixed with a larger 
or smaller quantity of silex and alumina, 
containing in their cavity some concre- 
tions, which rattle on shaking the stone. It 
is of a dull pale colour, composed of con- 
centric layers of various magnitudes, of an 
oval or polygonal fotm, and often polish- 
ed. Eagles were said to carry them to 
their nests, whence their name ; and su- 
perstition formerly ascribed wonderful vir- 
tues to tiiem. 

AtrufiTT (Chbmicax). See Attrac- 
Tioir (Chemical). 

AOALlf ATOLITE. SCC BllDSTBIW. 

Agabicvs. The mushroom, a genus of 
the order Pungi. Mushrooms appear to 
approach nearer to the nature^ of animal 
matter, than any other productions of the 
vegetable kingdom, as beside hydrogen, 
oxygen, and carbon, they contam a con- 
si&nble portion of nitrogen* and yield 
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ammonia by distillation. Prdf. Prouifc 
has likewise discovered hi them the 
benzoic acid, and phosphate of lime. 

A few of the species are eaten in this 
country, but many we recorded to have 
produced poisonous effects; though in 
some foreign countries, particularly in 
Russia, very few are rejected. Perhaps 
it is of importance, that they should be 
fresh, thoroughly dressed, and not of a 
coriaceous texture. The Russians, how- 
ever, are very fond of the ^. piperahu, 
which we deem poisonous, preserved 
with salt throughout the winter : and our 
ketchup is made by sprinkling mushrooms 
witl* sa]t, and letting them stand till great 
part is resolved into a brown liquor, which 
IS then boiled up with spices. The .^. 
piperatus has been recommended in 
France to consumptive people. The A, 
muacaritts has been prescribed in doses of 
a few grains in cases of epilepsy and palsy, 
subsequent to the drying up of eruptions. 
In pharmacy two species oi boletus have 
formerly been used under the name of 
agaric. The B, pirn larids, or male agaric 
of the shops, was given as a purgative, 
either in substance, or in an extract made 
with vinegar, wine, or an alkaline solution $ 
and the B, iffniariut, spunk, or touchwood, 
called female agaric, was applied exter- 
nally as a styptic, even after amputations. 
For this purpose the soft inner substance 
was taken, and beaten with a hammer to 
render it still softer. That of the oak was 
preferred. 

* The mushrooms, remarkable for the 
quickness of their growth, and decay, as 
well as for the foetor attending their spon- 
taneous decomposition, were unaccount- 
ably neglected by analytical chemists, 
though capable of rewarding their trouble, 
as is evinced by the recent investi^tions 
and discoveries of MM. Vauquehn and 
Braconnot. The insoluble fungous portion 
of tiie mushroom, though it resembles 
woody fibre in some respects, yet being 
less soluble than it in alkalis, and yielding 
a nutritive food, is evindently a peculiar 
product, to which accordingly the name 
of ftin^n has been given. Two new 
vegetable acids, the boletic andfungic, 
were also fruits of these researches. 

1. Agaricua campestrU, an ordinary ar« 
tide of food, analyzed by Vauquelin, gave 
the following constituents: 1. Adipocere. 
Qn expressing the juice of the agaric, and 
subjecting the remainder to the action of 
of boiling alcohol, a fatty matter is extrac* 
ted, which falls down in white flakes as 
the alcohol cools. It has a dirty white 
colour, a fatty feel like spermaceti, and, 
exposed to heat, soon melts, and then 
exhales the odour of grease ; 2. An oily 
matter; 3. Vegetable albumen ; 4. The 
sugar of mushrooms;. 5. An animal matter 
«olable in w»ter and akoh(d : On being 
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lle«ted it ^toItcb th% odour of rotttia? 
iiieat» like o«mazome; 6. An ftnimiu 
matter not soluble in alcohol ; 7. Fungin s 
& Acetate of pota^. 

2. Ji^riau volvace7*» ifforded Bracon- 
WA ftingin, gelatin, vt^table albumen 
much phosphate of potasN some aceUte 
of potash, sugar of mushro^xns, a brown 
oil, adipocere, wax, a very fu^eous 
deleterious matter, uncombined acid, sup- 
posed to be the acetic, benzoic acid, 
muriate of potash, and a deal of water ; in 
1^ 14 ingredients. 

3. ^g^oricufumt or ^>cra<iM^ was found 
hj Braconnot, after a minute analyms, to 
contain nearly the same ingredients as the 
preceding, without the wax and benzoic 
acid, but with more adipocere. 

4. Agariau ttyptictu. From twenty 
parts of this^ Braconnot obtained of resin 
and adipocere 1.8, fungin 16.7, of an un- 
known gelatinous substance, a potash 
aslt, and a fugaceous acrid principle 1.5. 

5. AgaricuB biulbonUi was examined by 
Yauquelin, who found the following con- 
stituents; an animal matter insoluble in 
alcohol, osmazome, a soft fatty matter of 
a yellow colour and acrid taste, an acid 
salt, (not a phosphate). The insoluble 
substances of the aganc yielded an acid 
hy distillation. In Orfila's Toxicology 
several instances are detailed of the fatal 
effects of this species of mushroom on 
the human body. Dogs were killed with- 
in 24 hours by small quantities of it in 
substance, and also by its watery and 
alcohoUc infusioiis, but water distilled 
from it was not injurious. It is curious 
that the animals experienced little incon- 
yenience after swailowing it, during the 
first ten hours; stupor, cholera, convul- 
sions, and psinful cramps are the usual 
symptoms of the poison in men. The 
biest remedy is an emetic. 

6. Agaricut theogolw. In this Vauque- 
Hn found sugar of mushrooms, osmazome, 
a bitter acrid fatty matter, an animal matter 
not soluble in alcohol, a salt containing a 
vegetable acid. 

7. Agariciu muscariutf Vauquelin's 
analysis of this species is as ibllows : The 
two animal matters of the last agaric, a 
fatty matter, sulphate, phosphate, and 
muriate of potash^ a volatile acid from the 
insoluble matter. The following account 
from Orfila of the effects of this species 
on the animal economy is interesting. 
Several French soldiers ate, at two leagues 
from Polosck in Russia, mushrooms of 
the above kind. Four of them, of a robust 
constitution, who conceived themselves 
proof against the consequences, under 
which their feebler companions were 
beginning to suffer, refused obstuiately to 
take an emetic. In the evening the fol- 
lowing symptoms appeared: Anxiety, 



of suffocation, ardent thint, intenia 

griping pains, a small and ixregular pulses 
universal cold sweats, changed expression 
ol countenance, violet tint of the nose and 
lips, general trembling, fetid sto<^. 
These symptoms becoming worse, they 
were earned to the hospital Coldness 
and livid colour of the limbs, a diUdfiil 
delirium^ and acute pains, accompanied 
them to the last moment. One of them 
sunk a few hours after his admisuon into 
the hospital; the three others had the 
same fate in the course of the night. On 
opening their dead bodies, the stomach 
and intesdnes displayed lai^ spots of 
inflammation and gang^ne ; and putre- 
fiiction seemed advancing very rapidly,* 

AeiBicus xiBTEBALiB, the vMimtuin ndlk, 
or mounuUn meal, of the Germans, is one 
of the purest of the native carbonates of 
lime, found chiefly in the clefts of rocks 
and at the bottom of some lakes, in a 
loose or semi-indurated form. It has been 
used internally in haemorrhages, strangury, 
gravel, and dysenteries; and externally 
as an application to old ulcera^ and weak 
and watery eyes. 

M. Fabroni calls by the name of mifieraf 
agaric, or fosnl meal, a stone of a loose 
consistence found in Tuscany in consider- 
able abundance, of which bricks niay be 
made, either with or without the addition 
of a twentieth partofaigil, so light as to 
float in water; and which he supposes 
the ancients used for making their floating 
bricks. This, however, is very different 
from the preceding, not being even of 
the calcareous genus, since it appears, on 
analysis, to consist of silex 55 parts, mag- 
nesia 15, water 14, argil 12, hme 3, iron 
1. Kirwan calls it argiUo-murite. 

* AoATs A mineru, whose basis is cal^ 
cedony, blended with variable proportions 
of jasper, amethyst, quartz, opal, helio- 
trope, and camelian. Ribbon agate con- 
sists of alternate and parallel layers of cal- 
cedony with jasper, or quartz, or amethyst. 
The most beautiful comes from Siberia 
and Saxony. It occurs in porphyry and 
gneiss. ^Brecdated agate $ a base of ame- 
thyst, containing fragments of ribbon a^te^ 
constitute this beautiful variety. It is of 
Saxon origin. — FwUficaHvn, agate, is found 
in nodules of various imitative shapes, im- 
bedded in amygdaloid. This happens at 
Oberstein on the Rhine, and in Scotland. 
On cutting it across and polishing it, the 
interior zig-zag parallel lines bear a consi- 
derable resemblance to the plan of a mo- 
dem fortification. In the veiy centre^ 
quartz and amethyst are seen in a %>Hnte- 
ry mass, surrounded by the jasper mlcal- 
cedony.— «MbcAa «<one. Translucent cal* 
cedony, containing dark outlines of arbor- 
ization, like vegetaUe filaments, is called 
Mocha stone, nom the place in Axabi% 
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whete it 19 cliieBy found. These cmiout «fe hum* prized, when the faitemsl iigaie 

appearances were ascribed to depositesof nearty resembles some animal or plant 

iron or manganese, but more lately they Ao*awiiT«. When bodies of the same 

have been thought to arise from mineral- kind are united, the only consequence is, 

iaed pbuits of the cryptogamous class.— that one larger body is produced. In this 

Mon oyafe, is a calcedony with variously case, the united mass is called an agp-e- 



coloured ramifications of a vegetable form, 
occasionally traversed with irregular veins 
of red jasper. Dr. M'CuUoch has recent- 
ly detected, what Daubenton merely con- 
jectured. In mocha and moss agates, aqua- 
tic coirfervx, unaltered both in colour and 
form, and also coated with iron oxide. 
Mosses and lichens have also been observ- 
ed, sdong with chlorite, in vegetations. An 
onyx agate set in a ring, belonging to the 
Eari of Powis, contjuns the chrysalis of a 



gate, and does not differ in its chemical 
properties from the bodies from which it 
was originally made. Elementary writers 
call the smallest parts into which an ag- 
gregate can be divided without destroying 
its chemical properties, integrant parts. 
Thus the integ^nt parts of common salt 
are the smallest parts which can be con- 
ceived to remain without change ; and be- 
yond these, any further subdivision cannot 
be made without developing the compo- 



moth. Agate is found in most countries, nent parts, namely, the alkali and the 



chiefly in trap rocks, and serpentine. Hoi 
low nodules of agate called geodety present 
interioriy oystals of quartz, colourless or 
amethystine, having occafflonally scattered 
crystals of stilbite, chabasie, and capillary 
mesotype. Thes# geodes are very com- 
mon. Bitumen has been found by M. Pa- 
trin in the inside of some of them, among 



acid ; which are still further resolvable in^ 
to their constituent principles. 

* AeRicuLTUBZ, considered as a depart- 
ment of chemistry, is a subject of vast im- 
portance, but hitherto much neglected. 
When we consider that every change in the 
arrangements of matter is connected with 
the growth and nourishment of plants; 



the hills of Dauria, on the right bank of the comparative values of their produce 



the Chiica, The small geodes of volcanic 
districts contain water occasionally in their 
cavities. These are chiefly found in insu- 
lated blocks of a lava having an earthy 
fracture. When they arc cracked, the li- 
quid escapes by evaporation ; it is easily 
restored by plunging^ them for a little in 
hot water. Agutes are artificially colour- 
ed by immersion in metallic solutions. 
Agates were more in demand formerly 
than at present. They were cut into cups 
and plates for boxes ; and also into cutkss 
and sabre handles. They are still cut and 
polished on a confiderable scale and at a 
moderate price, at Oberstein. The sur- 
face to be polished is first coarsely ground 
by larff e miUstones of a hard reddish sand- 
stone, moved by water. The nolish is af- ing the cause, or oi removing "*^. ="^JS; 
terwaids given on a wheel of soft wood, The application of chemical tests is suWi 
moistened and imbued with a fine powder cases is obvious; for the soil must contain 
of a hard red /ripotf found in the neigh- some noxious principle which may be eaa- 
bourhood. M. Faujas thinks that this tri^ ly discovered, and probably easily destroy. 
toU is produced by the decomposition of ed. Are any of the salts of iron present f 
Ae porphyrated rock that serves as a They may be decomposed by hme. Is 
gangueto the agates. The ancients em- there an excess of sihceous sand? The 
ployed agates for making cameos. (See 



as food ; the composition and constitution 
of soils ; and the manner in which Unds 
are enriched by manure, or rendered fer^ 
tile by the different processes of cultivai. 
tion, we shall not hesitate to assigpa to che- 
mical agriculture, a high place among the 
studies of man. If land be unjyroductive, 
and a system of ametiorating it is to be at. 
tempted, the sure-method of attaining this 
object is by determining the causei of its 
sterility, which must necessarily depend 
upon some defect in the constitution of 
the soil, which may easily be discovered 
by chemical analysis. Some lands of good 
apparent texture are yet eminently bar- 
ren; and common observation and com* 
mon practice afford no means of ascertain- 
the cause, or of removing the effect. 



system of improvement must depend on 
the application of clay and calcareous mat- 
ter. Is there a defect of calcareous mat- 
ter } The remedy is obvious. Is an excess 
of vegetable matter indicated? It maybe 
removed by liming, paring, and burning; 
Is there a deficiency of vegetable matter f 



CiLcanoiTT. ) Agate mortars are valued 
by analytical chemists, for reducing h&rd 
minerals to an impalpable powder.^ For 
some interesting optical properties of 
agates, see Lioht.* 

The oriental agate is almost transparent, ',v vt " n * -fit 

and of a vitreous appearance. The occi- It is to be supphed by manure. Peat earw 

dental is of various colours, and often vein- is a manure ; but tiiere are some vanetiei 

ed with quartz or jasper. It is mostly of peats which contain so large a quanfaty 

found in smaU pieces covered witii a crusty of ferruginous matter as to be absolutely 

and often runrang in veins through rooks poisonous to plants. There »»as been no 

Uke flint and petrosnex, from which it question on wtich mow differwice of o^^^^^ 

does not se^n to *ff«c gwatly. Agates mon has eaosted, tiiaij thalot the state i% 
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which mairate ought to bd ploughed into 
land ; whether recent, or when it has gfone 
through the process of fermentation. But 
whoever wiU refer to the simplest princi- 
ples of chemistry, cannot entertain a doubt 
on the subject. As ^oon as dung.begins 
to decompose, it throws off its volatile 
parts, which are the most valuable and 
most efficient. Dung which has ferment- 
ed so as to become a mere soft cohesive 
mass, has generally lost from one-third to 
one-half of its most useful constituent ele- 
ments. See the articles, Ahaltsis, Ma- 
vcBE, Soils, VxexTATioir, and Sir H. Da- 
vy's Agricult. Chem.* 

A IB was, till lately, used as the generic 
name for such invisible and exceedingly 
lare fluids as possess a very high degree 
of elasticity, and are not condensable into 
the liquid state by any degree of cold hi- 
therto produced; but as this term is corn* 
monly employed to signify that compound 
of aeriform fluids which constitutes our 
Atmosphere, it has been deemed advisable 
to restrict it to this signification, and to 
employ as the generic term the word Gas, 
(which see,) for the cKfferent kinds of ab, 
•xcept what relates to our atmospheric 
compound. 

Am (Atmospherical or ComcoirV The 
immense mass of permanently elastic fluid 
which surrounds the globe we inhabit, 
must consist of a general assemblage of 
•very kind of air which can be formed by 
the various bodies that compose its sur- 
face. Most of these, however, are absorb- 
ed by water ; a number of them are decom- 
posed by combination with each other; 
and some of them are seldom disengaged 
in considerable quantities by the proces- 
ses of nature. Hence it is that the lower 
atmosphere consists chiefly of oxygen and 
nitrogen, together with moisture and the 
occasional vapours or exhalations of bo- 
dies. The upper atmosphere seems to be 
exposed of a large proportion of hydro- 
gen, a fluid of so much less specific gravi- 
ty than any other, that it must naturally 
ascend to the highest place, where, being 
occasionally set on fire by electricity, it 
appears to be the cause of the aurora bo- 
realis and fire-balls. It may easily be un- 
derstood, that this will only happen on 
the confines of the respective masses of 
common atmospherical air, and of the in- 
lammable air; that the combustion will 
extend progressively, though rapidly, in 
flashings from the place where it commen- 
ces ; and that when by any means a stream 
of inflammable air, in its progress toward 
the upper atmosphere, is set on fire atone 
tnd, its ignition may be much more rapid 
Ihan what happens higher up, where oxy- 
ren is wanting, and at the same time more 
definite in its figure and progression, so as 
to form the appearance of a fire-bail*. 



* To the above ipeculatlons, it may pi!o» 
bably be objected, that the air on the sum- 
mit of Mont Blanc, and that brought down 
from still grater heights by M. Gay-Lus- 
sac, in an aerostatic machine, gave, on 
analysis, no product of hydrogen. But the 
lowest estimate of the height of luminoua 
meteors, is prodigiousl> greater than the 
highest elevations to which man has reach- 
ed.* See CoMBiTSTioir . 

That the air of the atmosphere is so 
transparent as to be invisible, except by 
the blue colour it reflects when in veij 
large masses, as is seen in the sky or re- 

E'on above us, or in viewing extensive 
ndscapes; that it is without smell, ex- 
cept that of electricity, which it sometimea 
▼eiy manifestly exhibits; altog^tiier with- 
out taste, ^Euid impalpable : not condensa- 
ble by any degree of cold into the dense 
fluid state, though easily changing its di- 
mensions with Its temperature: that it 
gravitates and is highly elastic, are among 
the numerous observations and discove- 
ries, which do honour to the sagacity of 
the philosophers of the seventeenth cen- 
tury. They Hkewise knew that this fluid 
is indispenffiibly necessary to combustion ; 
but no one, except the great, though ne- 
fflected, John Mayow, appears to have 
formed any proper notion of its manner of 
acting in that process. 

The air of the atmosphere, like other 
fluids, appears to be capable of holdings 
bodies in solution. It takes up water in 
considerable quantities, with a diminution 
of its own specific gravity ; from which 
circumstance, as well as from the conside- 
ration that water rises very plentifully in 
the vaporous state in vacuo, it seems pro- 
bable, that the air suspends vapour, not so 
much by a real solution, as by keeping its 
particles asunder, and preventing their 
condensation. Water likewise dissolvea 
or absorbs air. 

Mere heating or cooling does not affect 
the chemical properties of atmospherical 
air; but actual combustion, or any process 
of the same nature, combines its oxygen, 
and leaves its nitrogen separate. When- 
ever a process of this kind is carried on in 
a vessel containing atmospherical air, 
which is enclosed either by inverting the 
vessel over mercury, or by stopping its 
aperture in a proper manner, it is found 
that the process ceases after a certain time; 
and that the remaining air, *(if a combus- 
tible body capable of solidifying the oxy- 
gen, such as phosphorus, have heen em- 
ployed,)* has lost about a fifth part of its 
volume, and is of such a nature as to be 
incapable of mjuntaining any combustion 
for a second time, or of supporting the 
life of animals. Flroro these experiments 
it is clear, that one of the following deduc- 
tions must be lTue:-*l. The combustible 
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body has emitted some principle, whidi^ 
by combiningf with the ur, has rendered 
it unfit for the purpose of further combus- 
tion ; or, 2. It has absorbed part of the ahr 
which was fit for that purpose, and has left 
a residue of a different nature ; or, 3. Both 
events have hap{)ened ; namely, that the 
pure part of the air has been absorbed, and 
a principle has been emitted, which has 
changed the ori^nal properties of the re- 
mainder. 

The facts must clear up these theories. 
The first induction cannot be true, because 
the residual air is not only of less bulk, but 
of less specific gravity, than before, 'the 
sir cannot therefore have received so much 
as it has lost. The second is the doctrine 
of the philosophers who deny the exist- 
ence of phlogiston, or a principle of in- 
flammability ; and the third must be adopt- 
ed by those who maintain that such a pnn- 
ciple escapes from bodies during combus- 
tion. This residue was called phlogfisti- 
cated air, in consequence of sucn an opi- 
nion. 

In the opinion that iilflammable air is 
tile phlog^on, it is not necessatr to reject 
the second inference, that the air has been 
no otherwise changed than by the mere 
subtraction of one ojf its principles : for the 
pure or vital part of the ah? may unite with 
inflammable air supposed to exist in a fix- 
ed state in the combustible body ; and if 
the product of this union still continues 
fixed, it is evident, that the residue of the 
air after combustion will be the same as it 
would have been, if the vital part had been 
absorbed by any other fixed bodj. Or, if 
the vital ur be absorbed, while mflamma^ 
ble air or phlogiston is disengaged, and 
unites with the aeriform residue, this re- 
ndue will not be heavier than before, un- 
less the inflammable air it has gained ex- 
ceeds in weight the vital air it has lost; 
and if the inflammable air faUs short of 
that weight, the residue will be lighter. 
^ These theories it was necessaiy to men- 
tion; but it has been sufficiently proved 
by various experiments, that combustible 
bodies take oxygen from the atmosphere, 
and leave nitrogen; and that when these 
two fluids are agun mixed, in due propor- 
tions, they compose a mixture not differ* 
ing from atmospherical stir. 

The respiration of animals prodaces the 
same effect on atmosphericaJ air as com- 
bustion does, and "dieir constant heat ap- 
pears to be an effect of the same nature. 
When an animal is included in a limited 
quantity of atmospherical air, it dies as 
soon as the oxy^n is consumed ; and no 
other air will maintain animal life but oxy- 
gen, or a mixture which contains it. Pure 
oxygen maintains the life of animals much 
longer than atmospherical air, bidk for 

Tot. T. 1 17] 



* It is to be particularly obserred, bonv 
ever, that, in many cases of combustiion, 
the oxygen of the air, in combining with 
the combustible body, produces a com- 
pound, not solid or liquid, but aeriform. 
The residual air will therefore be a mix- 
ture of the nitrogen of the atmosphere 
with the consumed oxygen, converted in- 
to another gas. Thus in burning char- 
coal, the carbonic acid gas generatedt 
mixes with the residual nitrogen, and 
makes up exactly, when the efl'ect of heat 
ceases, the bulk of the original air. The 
breathing of animals, in like manner^ 
changes the oxygen into carbonic acid 
gas, without altering the atmospherical 
volume.* 

There are many provisions in nature by 
which the proportion of oxygen in the at- 
mosphere, which is continually consumed 
in respiration and combustion, is agun 
restored to that fluid. In fact there ap- 
pears, as far as an estimate ean be formed 
of the great and general operations of na- 
ture, to be at least as great an emission of 
oxygen, as is sufficient to keep the gene- 
ral mass of the atmosphere at the same 
degree of purity. Thus, in volcanic erup- 
tions there seems to be at least as much 
oxygen emitted or extricated by fire from 
various minerals, as is sufficient to main- 
tain the combustion, and pertiaps even to 
meliorate the atmosphere. And in the 
bodies of plants and animals, which lip- 
pear in a great measure to derive their sus- 
tenance and augmentation from the atmos- 
phere and its contents, it is found that ft 
large proportion of nitrogen exists. Most 
plants emit oxygen in the sunshine, fiN>m 
which it is highly probable* that they im- 
bibe and decompose the air of the atmos^ 
phere, retaining cariron, and emitting the 
vital part. LAstly, if to this we add th# 
decomposition of water, there will be nu- 
merous occanons in which this fluid wiU 
supply us with disengaged oxygen ; whilep 
by a very rational supposition, its hydro- 
gen may be considered as havinr entered 
into the bodies of plants for the formation 
of oils, sugars, mucilages, &c. from which 
it may be again extricated. 

To determine the respiralMlity or purity 
of air, it is evident that recourse must be 
had to its comparative efficacy in maintain- 
ing combustion, or some other equivalent 
process. This subject will be considered 
under the article Evdioxstxh. 

From the latest and most accerate expe- 
riments, the proportion of oxygen in at- 
mospheric air is by measure about 31 per 
cent ; and it i^pesrs to be very nearly the 
same, whether it be in this country or on 
the coast of Gwnea, on low plains or loffy 
mountains, or even at the height of 7250 
yaifds above llie level of the sea, as ascer- 
tained by Gay-Lutaac in Ihs aerial voyage 
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ia September 1805. The remainder of 
the air is nitrogen, with a small portion of 
aqueous vapour, amounting to about 1 per 
cent, in the driest weather, and a still less 
portion of carbonic acid, not exceeding a 
thousandth part of the whole. 

. Asoxygen and nitrogen differ in specific 
gsavity in the proportion of 135 to l21, ac- 
ccffding to Kirwan» and of 139 to l2u ac- 
cording to Davy, it has been presumed^ 
that the oxygen would be more abundant 
in the lower regions, and the nitrogen in 
the higher, if they constituted a mere 
mechanical mixture, which appears con- 
trary to the fact. On the other hand it 
has been uiged, that they cannot be in 
the state of chemical combination, be- 
cause they both retain their distinct pro- 
perties unaltered* and no change of tem- 
perature or density takes place on their 
union. But perhaps it may be said, that, 
as they have no repugnance to mix with 
each other, as oil and water have, the 
continual agitation to which the atmos- 
phere is exposed, ma^ be sufficient to 
prevent two fluids;, differing not more 
tlian oxygen and nitrogen in gravity, from 
separating by subsidence, though simply 
mixed. On the contraiy, it may be ar- 
gued, that to say chemical combination 
cannot take place without producing new 
luropertjes, which did not exist before in 
the component parts, is merely begging 
the question; for though this generally 
appears to be the case, and often in a very 
striking manner, yet combination does not 
Always produce a change of properties, as 
appears in M. Biot's experiments with va- 
nous substances, of which we may instance 
water, the refraction of which is precisely 
the mean of that of the oxygen and hy- 
drogen» which are indisputably combined 
in it. 

To get rid of the difficulty, Kr. Dalton 
of Manchester framed an ingenious hypo- 
thesis, that the particles of afferent gases 
neither attract nor repel each other; so 
that one gas expands by the repulsion of 
its own particles, without any more inter- 
ruption from the presence of another gas, 
than if it were in a vacuum. This would 
«LCCount for the state of atmospheric air, 
it is true ; but it does not agree with cer- 
tain fiicts. In the case ot the carbonic 
acid gas in the Grotto del Gano, and over 
.the surface of brewers' vats, why does 
not this gas expand itself freely upward, 
•if the superincumbent gases do not press 
upon it ? Mr. Dalton himself too instances 
as an argument for his hypothesis, that 
oxygen and hydrogen gases, when mixed 
by ai^tation, do not separate on standing. 
But why should either oxygen or hydro- 
gen require agitation, to diffuse it through 
•a vacuum, in which, acowdiog to Mr. 
Dalton, it is plaetd ?-«-€, 



The theory of Berthollet appears con- 
sbtent with all the facts, and sufficient to 
account for the phenomenon. If two bo- 
dies be capable of chemical combination, 
their particles must have a mutual attrac- 
tion for each other. This attraction, how- 
ever, may be so opposed by concomitant 
circumstances, that it may be diminished 
in any degree. Thus we know, that the 
affinity of agg^gation may occasion a bo- 
dy to combine slowly with a substance for 
which it has a powerful affinity, or even 
entirely prevent its combining with it; the 
presence of a third substance may equally 
prevent the combination ; and so may the 
absence of a certain quantity of caloric. 
But in all these cases the attraction of the 
particles must subsist, though diminished 
or counteracted by opposing circum- 
stances. Now we know that oxyp^n and 
nitrogen are capable of combination; 
itkeiT particles, tiierefore, must attract 
each other; but in the circumstances in 
which they are placed in our atmosphere, 
that attraction is prevented from exerting 
itself to such a degree as to form them in- 
to a chemical compound, though it ope- 
rates with sufficient force to prevent their 
separating by their difference of specific 
gravity. Thus ihe state of the atmosphere 
IS accounted for, and every difficulty ob- 
viated, without any new hypothesis. 

* The exact specific g^vity of atmos* 
pherical air, compared to that of water, is 
a very nice and important problem. By- 
reducing to 60^* Fahr. and to 30 inches of 
the barometer, the results obuuned with 
great care by MM. Biot and Arago, tlie 
specific gravity of atmospherical air ap- 
pears to be 0.001220, water being repre- 
sented by 1.000000. This relation ex- 
]>ressed fractionally is ^ ^ or water is 820 
times denses than atmospherical air. Mr. 
Rice, in the 77th and 78th numbers of 
the Annals of Philosophy, deduces from 
Sir George Shuckburghs experiments 
0.00120855 for the specific gravity of air. 
This number gives water to air as 827.437 
to 1. If with Mr. Rice we take the cubic 
inch of water «r 252 J25 gr. then 100 cu- 
bic inches of air by Biot*s experiments will 
weigh .)0.808 gr. and by Mr. Rice s esti- 
mate 30.519. He considers with Dr. Prou^ 
the atmosphere to be a compound of 4 
volumes of nitrogen, and 1 of oxygen ; the 
Specific gravity of the first being to that 
of the second as 1.1111 to 0.9722. 

Hence 

0.8 vol. nitr. i^.gr.0.001166» 0.000940 

0.2 oxy. 0.001340 « 0.000268 



0.001208 



The numbers are transposed in the A^v^ 
nals of Philosophy by «ome midtake.t 



ALA 



ALB 



n M. Biot and Ango foand the tpeel- 
fic gravity of oxygen to be - - 1.10359 
And that of nitrogen, - - - - 0.96913 
:adr being reckoned, . - . - 1.00000 
Or c<»Dparedto water as unity,— 
Nitrogen is 0.001182338 

Oxygen, a00l346379 

And 0.8 nitrogen — a0009458r 

0.2 oxygen - a00026927 



0.00121514 

. 0.000934 
» 0.000283 



And 0.79 nitrogen 
0.21 oxygen 

0.001217 
A number whidi approaches very neariy 
to the result of experiment. Many ana- 
logies, it must be confessed, favour Dr. 
Prout's proportions; but the greater num- 
ber of experiments on the composition 
«nd density of the atmosphere agree with 
Biot's results. Nothing can decide these 
fundamental chemical proportions except 
a new, elaborate, and most minutely accu- 
rate series of experiments. We shall then 
know whether the atmosphere contains 
in volume 20 or 21 per cent of oxygen. 
See MaTsonoLosT.* 

Alabasteb. Among the stones wfaieh 
are known by the name of marble, and 
have been distinguished by a considerable 
yariety of denommations by statuaries, and 
others whose attention is more dureeted 
to their external character and appeaiN 
ance than their component parts, alabaa- 
ters are those which have a greater or less 
degree of imperfect transparency, a gran- 
obu* texture, are softer, take a duller po- 
lish than marble, ai^ are usually of a 
whiter colour. Some stones, however, of 
a veined and coloured appearance, have 
been considered as alabasters, from their 
possesmng the first mentioned criterion ; 
and some transparent and yellow sparry 
stones have also received this appellation^ 

Chemists are at present agreed in ap- 
plying this name only to such opaque, 
consistent, and semi-transparent stones, as 
are composed of lime united with the sul- 
nhuric acid. But the term is much more 
nequent among masons and statuaries 
than chemists. Chemists in general con- 
found the alabasters among the selenites, 
gjrpsums, or plaster of Paris, more espe- 
cially when they allude only to the com* 
ponent parts, without having occasion to 
consider the external appearance, in 
which only these several compounds dif- 
fer from each other. 

As the semi-opaqae appearance and 
granular texture arise tskcreif from a dts- 
turbed or successive crystallaation, which 
would else have formed transparent spars, 
it is acconUngly found, that the calcareous 
atalactitcs, or <pop<4tones> fonned by the 



tftnritioB of water throu|;h the roofii dP 
caverns in a calcareous soil, do not differ 
in appearance from the alabaster, most of 
which is also formed in this manner. But 
the calcareous stalactites here spoken of 
consist of calcareous earth and carbonic 
acid; while the alabaster of the chemists 
is formed of the same earth and sulphuric 
acid, as has already been remarked. 

* Albiji. a mineral discovered at Mo- 
nabeK^, near Aussig, in Bohemia ; and be« 
ing of an opaque white colour, has been 
called, by Werner, albin. Aggregated 
crystalline laminae constitute massive albin. 
Small crystals of it in right prisms, whose 
summits consist of four quadrangular 

£ lanes, are found sprinkled over mamme- 
kted masses in cavities.* See Zeolite. 

AiBUM Gbjbcvm. Innumerable are the in» 
stances of fanciful speeulation and absurd 
credulity in the invention and application 
of subjects in the more ancient materia 
medica. The white and solid excrement 
of dogs, which subrist chiefly on bones, 
has been received as a remedy in the 
medical art, under the name of Album 
Grxoum. It eonsists, for the most part, 
of the earth of bones, or lime in combin- 
ation with phosphoric acid. 

Albtthxv. This substance, which derives 
its name from the Latin for the white of 
An egg, in which it exists abundantly, and 
in its purest natural state, is one of the 
efaief constituent principles of 931 the 
animal solids. Beside the white of egg, 
it abounds in the serum of blood, Uie 
vitreous and ci^stalline humours of the 
eye, and the fluid of dropsy. Fourcroy 
claims to himsetf the honour of having 
discovered it in the neen feculx of plants 
in general, particulariy in those of the 
cruciform order, in vefy young ones, and 
in the fresh shoots of trees, though 
Rouelle appears to have detected it there 
lone before. Vauquelin says it exists also 
in the mineral Waier of Plombieres. 

Mr. Seguin has found it in remarkable 
quantity m such yegetables as ferment 
without yeast, and anord a vinous liquor t 
and from a series of experiments he infers 
that aUminen is the true principle of 
fermentation, and that its action is more 
powerful in proportion to its solubility, 
three different deg^rees of which he found 
it to possess. 

The chief characteristic of albumen is 
its coagulability by the action of heat. If 
the white of an egg be exposed to a heat 
of about 134^ F. white fibres begin to 
appear in it, and at 160^ it coagulates into 
a solid mass. In a heat not exceeding 
212^^ it dries, shrinks, and assumes the 
appearance of horn. It is soluble in cold 
water before it has been coagulated, but 
not afVer ; and when diluted with a very 
laige portion^ it doesBotcoagulate ef^ily« 
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Pcune aUuIifl diMolre it, ercn after eoagu- 
lition. It if precipitated b^ muriate of 
tterciuy, nitro-munate of tin, acetate of 
lead, oitnte of silver, mariate of gojk], 
infusion of galls, and tannin. The acida 
and metalltc oxides coagulate albumen. 
On the addition of concentrated sulphuric 
acid, it becomes blacky and exhales a 
nauseous smell. Strong muriatic acid 
gives a violet tinge to the coagulum, and 
at length becomessaturated with ammonia. 
Nitric acid, at 70" F. disengagea from it 
abundance of azotic gas { and if the heat 
be increased pruasic acid is formed, after 
which carbonic acid and caibiiretted hy- 
drogen are evolved, and the residue 
consists of water containing a little oxalic 
acid, and covered with a kmon coloured 
lat oil. If diy potash or soda be triturated 
with albumen, either liquid or solid, 
aamioniacal gas is evolved, and the cal- 
cination of the residuum yields an alkaline 
prussiate. 

On exposure to the atmosphere in a 
moist state, albumen passes at once to the 
•(ale of putrefaction. 

* Solid albumen may be obtained by 
agitating white of egz with ten or twelve 
times its weight of alcohol. This seizes 
the water which held the albumen in solu- 
tion ; and this substance is precipitated 
imder the foma of white flocks or fihunents, 
which cohedve attractkm renders insohi- 
Ue, and which consequently may be freely 
waahed with water. Albumen thus ob- 
tained is like fibrin, solid, white, insipid, 
inodorQus, denser than water, and witlmtit 
action on vegetable colours. It dissolvea 
in potaah and soda more easily than 
fibnn; but in acetic acid and ammonia 
with more difficulty. When these two 
nnimal principles are separately dissolved 
in potash, muriatic acid added to the 
albuminous does not disturb the solution, 
irat it produces a cloud in the other. 

Poureroy and several other chemists 
have ascribed the characteristic coagola- 
tion of albumen by heat to its oxygenation. 
But cohesive attraction is the real cause 
of the phenomenon. In proportion as the 
temperature rises, the particles of water 
and albumen recede from each other, 
their affinity dtminishes, and then the alba- 
men precipitates* However, by umting 
albumen with a large quantity of water, 
we diminish its coagulating property to 
such a degree, that beat renders the solu- 
tion merely opalescent. A newJaid egg 
yields a soft eoagulum by boiling; but 
when, by keeping, a portion of the water 
has transuded so as to leave a • void space 
within the shell, the concentrated aU>u- 
men affords a firm coagulum. An anoto- 
g^iu phenomenon is exhibited bv acetate of 
alumina, a solution of which, bein^ heat- 
ed, gives a precipitate in flakes^ wmch re> 



diitolve as the caloric which separaftedthe 
particles of acid and base esci^ies, or as the 
temperature falls. A solution containing 
^ of dry albumen forma by heat a solid 
coagvJtumg but when it contains only ^, 
it g^ves a glairy liquid. One thousandth 
put, however, on applying heat, occa- 
sions opalescence. Putrid white of egg, and 
the put of ulcers, have a similar smell. 
According to Dr. Bostock, a drop of a 
saturated solution of corrosive sublimate 
let fall into water containing ^^ of albu- 
men, occauons a mUkiness and curdy pre- 
cipitate. On adding a slight excess of the 
mercurial solution to the albuminous li- 
quid, and applying heat, the precipitate 
which falls, being dried, contains in every 
7 parts, 5 of albumen. Hence that salt is 
the most delicate test of this animal pro- 
duct. The yellow pitchy precipitate oc- 
casioned by tannin, is brittle when dried, 
and not liable to putrefaction. But tannin, 
or infusion of ealfs, is a much nicer test of 
gelatin than of albumen. 

The cohesive attraction of coagulated 
albumen makes it resist putrefaction. In 
this state it may be kept for weeks under 
water without suffering change. By long 
digestion in weak nitric acid, albumen 
seems convertible into gelatin. By the 
analysis of Gay-Liussac and Thenard, iOO 

C of albumen are formed of 52M^ car- 
23.872 oxygen, 7.540 hydrogei^ 
15.705 nitrogen;or, in other terms,of 52.883 
carbon, 27.127 oxvgen and hydrogen, in 
the proportions for constituting water* 
15.705 nitrogen, and 4.285 hydrogen in 
excess. The negative pole oi a voltaic 
pile in high activi^ coagulates albumen; 
but if the pile be Aebie, coagulation goes 
oh only at the positive sur&ce. Albume% 
in such a state of concentration as it exists 
in serum of blood, can dissolve some me- 
tallic oxides, particularly the protoxide of 
iron. Orfila has found white of egg to be 
the best antidote to the poisoning efiecta 
of corrosive sublimate on the human sto- 
mach. As albumen occasions precipitates 
with the solutions of almost every metal- 
lic sak, probably it may act beneficially 
against other species of mineral poison.* 

From its co^jfulability idbumen ia of 
great use in clarifying liquids. See Clj^ 

niPICATIOV. 

It is likewise remarkable for the pro- 
perty of rendering leather supple, for 
which purpose a solution of whites of eggs 
in water is used by leather^ressers; and 
hence Dr. Lobb of Yeovil in Somerset- 
shire was induced to employ this solution 
in cases of contraction and rigidity of the 
tendons, and derived from it apparent 
success. 

Whites of e^m beaten in a basin with a 
hixnp of alttiDytiB they coi^hKte>tann the 
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^um^fondot RiveriuB,. or ainm caMUum of 
the London Phannacopoeia, used to re- 
move inflamnuiticNBS of the eyes. 

* Ai.BnKNVic« The interior white harl^ 
of trees.* 

* Ajxaraazai* a species of porous 
pottery made in Spain, for the purpose of 
coolini^ water by its transudation and co- 
pious evaporation from the sides of the 
vessel. M. Darcet gives the following as 
the analysis of the c&y which is employed 
for the purpose: 60 calcareous earth, 
mixed with Mumina and a little peroxide 
of iron, and 36 of siliceous earth, mixed 
with a little alumina. In working up the 
earths with water, a quantity of udt is ad- 
ded, and dried in it The pieces are only 
half baked.* 

* AiAHSKT. A titl^ of dignity, given 
in the dark ages, by the adepts^ to the 
mystical art by which they professed to 
find the philosopher's stone, that was to 
transmute base metals into gold, and pre* 
pare the elixir of life* Though avarice, 
fraud, and folly were their motives, yet 
their exjperimental researches were instru- 
mental in promoting the progresa of che- 
mical discovexy. Hence» in particular, 
metallic pharmacy derived its origin.* 

AxooHOL. This term is appHed in strict 
neas only to the pure spirit obtainable by 
distillation and subsequent rectification 
from all hquids that have undergone vi? 
nous fermentation, and from none out such 
as are susceptible of it. But it is commonr 
ly used to signify this spirit more or lest 
imperfectly freed from water, in the state 
in which it is usually met with in the shops, 
and in which, as it was first obtained from 
the juice of the grape, it was long^ distin- 
guished by the name of spirit of wine. At 
present it is extracted chiefly from ^rain 
or molasses in Europe, and from the juice 
of the suKar-cane in the West Indies ; and 
in the diluted state in which it commonly 
eccurs in trade, constitutes the basis q£ 
the several spirituous hquors called bran- 
dy, ram, gin, whiske>, and cordials, how- 
ever variously denominated or disguised. 

As we jare not able to compound alco- 
hol immediately from its ultimate consti- 
tuents, we have recourse to the process 
ef fermentation, by which its principles 
are first extricated from the substances in 
which they were combined, and then unio 
ted into a new compound; to distillation, 
by which this new compound, the alcdiol 
is separated in a state of dilution with w»> 
ter, and contaminated with essential oil; 
and to rectification, by which it is ultimate- 
ly freed ffom these. 

It appears to he essential to the feimen- 
tation cf akohol, ti^ the fermenting fluid 
should contain saccharine matter, which 
is indispensable to that species of fermen- 
tation called vinous. In Fnuice« where a 



mat deal of wine is made, p«tici|]ari{y at 

the commencement of the vintage, that 
is too weak to be a saleable commodity, it 
is a common practice to subject this wine 
to distillation, in order to draw off the 
spirit ; and as the essential oil that rises in 
this process is of a more pleasant flavour 
than that of malt or molasses, the French 
brandies are preferred to any other; 
though even in the flavour of these theie 
is a difference, according to the wine from 
which they are produced. In the West 
Indies a spirit is obtained from the juice 
of the sugar-cane, which is highly impr^g^i 
nated with iu essential oil, and well known 
by the name of rum. The distillers in thi« 
country use gi*ain, or mohuses, whenco 
they distinguish the products by the name 
of fttoli tpiritt, and molattee tpirita. It i« 
said that a very good spirit may be ex- 
tracted from the husks of goosebeiries or 
currants, after wine has been made from 
them. 

As the process of malting develc^es the 
saccharine principle of grain, it would apr 
pear to render it fitter for the purposes 
though it is the common practice to use 
about three parts of raw grain with one of 
malt. Fortius, two reasons may be assign* 
ed : by using raw grain the expense oC 
malting is saved, as well as the duty on 
malt ; and the process of malting requires 
some nicety of attention, since, if it be 
carried too fiir, part of tbe saccharine mat* 
ter is lost, and if it be stopped too sooi^ 
this matter will not be wholly developed. 
Besides, if the malt be dried too quickly, 
or by an unequal heat, the spirit it yields 
wUl be less in quantity, and mone unplea- 
sant in flavour. Another object of econo- 
mical considemtion is, what grain will af- 
ford the most spirit in proportion to its 
price, as well as the best m quality. Bar- 
ley appears to produce less spirit tha« 
wheat ; and if three parts of raw wheat 
be mixed with one or milted barley, the 
produce is said to be particularly fine. 
This is the practice of the distillers in Hol- 
land for producing a spirit of the finest 
quality ; but in England they are express- 
ly prohibited from using more than one 
part of wheat to two of other grain. Rye^ 
however, affords still more apirit than 
wheat. 

* The practice with the distillers in 
Scotland is to use one part of malted with 
from four to nine parts of unmalted fBua, 
This mixture yields an equal quantity of 
spirit, and at a much cheaper rate thae 
when the fonner proportions are taken.* 

Whatever be the grain employed, it may 
be coarsely ground, and then mixed care- 
fully with a littie cold water, to prevent 
its running into lumps ; water about 90^ 
F. may then be added, till it is sufiicient^ 
diluted; and, lasUy, a sufficient quantity 
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«ry«a8t The whole is then to be aBov- 
cd to ferment in acovered vessel, to which, 
however, the air can have access. Atten- 
tion must be paid to the temperature ; for 
if it exceed 77** P. the fermentation will 
be too rapid ; if it be below 60^, the fer- 
mentation will cease.f The mean between 
these will generally be found most favour- 
able. In this countiy it is the more com- 
mon practice to mash the grain as for 
brewing malt Uquors, and b^ the wort. 
But in whichever way it be prepared, or 
if the wath, so the liquor intended for dis* 
tillation is called, be made from molasses 
and water, due attention must be paid to 
the fermentation, that it be continued tiU 
the liquor grows fine, and pungent to the 
taste, which will generally be about the 
third day, but not so long as to permit the 
acetous fermentation to commence. 

In this state the wash is to be commit- 
ted te the still, wf wluch, including the 
head, it should occupy at least three- 
fourths ; and distilled with a gentle heat 
as long as any spirit comes over, which 
will be till about half the wash is consum- 
ed. The more slowly the distUlation is 
conducted, the less will the product be 
contaminated with essential oil, and the 
less danger will there be of empyreuma. 
A great saving of time and fuel, however, 
nay be obtained by making the still very 
broad and shallow, and contriving a free 
exit for the steam. I'his has been carried 
to such a pitch in Scotland, that a still mea- 
suring 43 gallons, and containing 16 gal- 
lons of warn, has been charged and work- 
ed no less than four hundred and eighty 
times in the spaee ef twenty-fbur hours. 
This would be incredible, were it not estar 
blished by unquestionable evidence* See 
LiABOftAToaT, article Still. 

* The above wonderful rapidity of dis- 
tillation has now ceased, since the excise 
duties have been levied or the quantity of 
spirit produced, and not, as formerly, by 
the »ze of the still. Hence, too, the spi- 
rit is probably improved in flavour.* 

The first product, technically termed 
hp» -wiite, is again to be subjected to dis- 
tillation, the latter portions of what comes 
over, called fatnt*, being set apart to put 
into the wash still at some future opera- 
tion. TIius a large portion of the watery 
part is left behind. This second product, 
termed raw 9pinty being distilled again, is 
ealled rectified spirit. It is calculated, that 
a hundred gallons of malt or com wash will 
not produce above twenty of spirit, con- 
taining 60 parte of alcohol to 50 of water; 
the same of cyder wash, 15 gallons; and 
ef mobisses wash, 22 gallons. The most 

f This is a mistake ; fermentation will 
go on tery slowly 10 degrees lower. 



tpiritnont wmes of Franee, those of Lnit* 
guedoc, Guienne,and RousiUon, yield, ao 
cording to Chaptal, from 30 to 35 gallons 
of excellent brandy from 100 ; but those 
of Burgundy and Champagne much leas. 
Brisk wines, containing much carbonic 
acid, from the fermentation having been 
stopped at an early period, yield tro least 
spirit. 

The spirit thus obtained ought to be co- 
lourless, and free from any disagreeable 
flavour; and in this state it is fittest for 
pharmaceutical purposes, or the extraction 
of tinctures. But for otdinaiy sale some- 
thing more is required. The brandy of 
France, which is most in esteem here, 
though peifectty colourless when first 
made, and often preserved so for use in 
that country, by bemg kept in glass or 
stone bottles, is put into new oak casks 
for exportation, whence it soon acquires 
an amber colour, a peculiar flavour, and 
something like an unctuosity of consis- 
tence. As it is not only prized for these 
qualities, but they are commonly deemed 
essential to it, the English distiller imi- 
tates by design these accidental qualities. 
The most obvious and natural method of 
doing this would be by impregnating a 
pure spirit with the extractive, resinous* 
and colouring matter of oak shavings ; but 
ot^r modes have been contrived. The 
dulcified spirit of nitre, as it is called, i» 
commonly used to give the flavour; and 
catechu, or burnt sugar, to impart the de- 
sired colour. A French writer has recom^ 
mended three ounces and a half of finely 
powered charcoal, and four ounces and a 
naif of ground rice, to be digested for a 
fortnight in a cjuart c^malt spirit. 

The finest gin is said to be made in Hoi-* 
land, from a spirit drawn from wheat mix- 
ed with a third or fourth part of malted 
barley, and twice rectified over juniper 
berries ; but in general, lye meal is used 
instead of wheat They pay so much re- 
gard to the water employed, that many 
send vessels to fetch it on purpose from 
the Keusei but all use the softest and 
clearest river water they can get. In En^ 
land it is the common practice to aidd oil 
of turpentine, in the proportion of two 
ounces to ten gallons of raw spirit, with 
three handfuls ^bapr salt, and draw off till 
the fittnto begin to nse. 

But com or molasses spirit is flayoured 
likewise by a variety of aromatics, with or 
without sugar, to please (Uflerent palates ; 
all of which are included under the gene- 
ral technical term of compounds or conMaU* 

Other articles have been employed^ 
thoueh not generally, for the &brication 
of spirit, as carrots and potatoes; and wtt 
are lately informed by Professor Prousl^ 
that from the fruit or the csrob tree hn 
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has obtained good brandy in the pTopof* 
tion of a pint from five pounds of the dried 
fruit. 

To obtain pure alcohol, Afferent pro- 
cesses hare been recommended ; but the 
purest rectified spirit obtained as above 
described, being that which is least con- 
taminated with foreign matter, should be 
employed. Rouelle recommends to draw 
ofi'han the spirit in a water bath ; to rec- 
tify this twice more, drawing off two-thirds 
each time ; to add water to this alcohol, 
which will turn it milky by separating the 
cssental oil remaimng in it ; to distil the 
spirit from this water ; and finally rectify 
it by one more distillation. 

Baum^ sets apart the first running, when 
ibout a fourth is come over, and contin- 
ues the distillation till he has drawn off 
about as much more, or till the liquor runs 
oft* milky. The last runnipg he puts into 
the still agun, and mixes the first half of 
what comes over with the preceding first 
product. This process is again repeated, 
and aU the first products being mixed to- 
gether, are distilled afresh. When about 
half the liquor is come over, this is to be 
set aput as pure alcohol. 

Alcohol in this state, however, is not so 
pore as when, to use the language of the 
old chemists^ it has been dephUgmatedt or 
fftill further freed from water, by means of 
some alkaline salt. Boerhaave recom- 
mended* for this purpose, the muriate of 
soda, deprived of its water of ciystalliza- 
tion by heat, and added hot to Uie spirit. 
But the subcarbonate of potash is prefera- 
ble. About a third of the weight of the 
alcohol should be added to it m a glass 
vessel, well sliakeii, and then suffered to 
subside. The salt will be moistened by 
tiie water absorbed from the alcohol; 
which being decanted, more of the salt is 
to be added, and this is to be continued till 
the salt falls dry to the bottom of the 
vessel. The alcohol in this state will be 
reddened bv a portion of the pure potash, 
which it will hold in solution, from which 
it must be fi^eed by distillation in a water 
bath. Dry muriate of lime may be substi- 
tuted advantageously for the alkali. 

As alcohol IS much lighter than water, 
its specific gravity is adopted as the test 
of its purity. Fourcroy considers it as 
rectified to the highest point t^hen its spe- 
cific graidty is 829, that of water bemg 
1000 ; and perhaps this is nearly as far as 
it can be carried by the process of Rou- 
«IIe or Baum6 umply. Mr.Bories found 
the first measure that came over from 
twenty of spirit at 836 to be 820, at the 
temperature of 71** F. Su* Charles Blag- 
den, by the addition of alkali, brought it 
to 813, at 60^ F. Chaussier professes to 
have reduced it to 798 ; but he gives 
998.35 as the specific gravity of water. 



Lewite asserts, diat he has obtmed it at 
791, by adding: as much alkali as nearly to 
absorb the spuit; but the temperature i» 
not indicated. In the shops it is about 835 
or 840 ; according to the I^ondon College 
it should be 815. 

It is by no means an easy undertaking 
to determine the strength or relative value 
of spirits, even with sufficient accuracy for 
commercial purposes. The following re- 
quisites must be obtained before this can 
be well done : the specific gravity of a 
certain number of mixtures ofalcohol and 
water must be taken so near each other» 
as that the intermediate specific gravities 
may not perceptibly differ from those de- 
duced from the supposition of a mere mix- 
ture of the fluids ; the expansions of varia- 
tions of specific gravity m these mixtures 
must be determined at different tempenu 
tures; some easy method must be con- 
trived of determining the presence and 
quantity of saccharine or oleaginous mat- 
ter which the spirit may hold in solution, 
and the effect of such solution on the spe- 
cific gravity ; and hisdy, the specific gra- 
vity of the fluid must be ascertained by a 
proper floating instrument with a graduat- 
ed stem, or set of weights ; or, wmch may 
be more convenient, witli botli. 

The strength of brandies in commerce 
is judged by the phial, or b^ burning. 
The phial proof consists in Sjgitating the 
spirit in a Dottle, and observing the form 
and magnitude of the bubbles tnat collect 
round the edge of the liquor, technically 
termed the bead^ which are larger the 
stronger the spirit. These probabJy de- 

Send on the solution of resinous matter 
om the cask, which is taken up in greater 
quantities, the stronger the spirit. It is 
not difficult, however, to produce this ap- 
pearance by various simple additions to 
weak spirit The proot by burning is 
also fallacious ; because the magnitude of 
the flame, and quantity of residue, in the 
same spirit, vary greiOly with the form of 
the vessel it is burned in. If the vessel 
be kept cool, or suffered to become hot, 
if it be deeper or shallower, the results 
will not be the same in each case. It does 
not follow, however, but that manufactu- 
rers and others may in many instances re- 
ceive considerable information from these 
signs, in circumstances exactly alike, and 
in the course of operations wherein it 
would be inconvenient to recur continu- 
ally to experiments of specific gpravity. 

The importance of this object, as well 
for the purposes of revenue as of com- 
merce, induced the British government to 
employ Dr. Blagden, now Sir Charles, to 
institute a veiy minute and accurate series 
of experiments. These may be consider- 
ed as fundamental results ; for which rea- 
son, I shall give a sumiBiuy of them intMs 
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•bee, from the Philosophical Tiansactions 
for 1790. 

The first object to which the experi- 
ments were directed was to ascertain the 
quantity and law resulting from the mutual 
penetration of water and spirit. 

All bodies in general expand by heat; 
but the quantity of this expansion, as well 
as the law of its progression, is probably 
Dot the same in any two substances. In 
water and spirit they are remarkably dif- 
ferent. The whole expansion of pure spi- 
ik from SO** to 100<> of Fahrenheit's ther- 
mometer is not less than l-25th of its 
whole bulk at 30^ ; whereas that of water^ 
in the same interval, is only 1-1 45th of its 
bulk. The laws of their expansion are 
still more different than the quantities. If 
the expansion of quicksilver be, as usual, 
taken for the standard, (our thermome- 
ters being constructed with tliat fluid,) 
the expansion of spirit is, indeed, progres- 
nvely increasing with respect to that stan- 
dard, but not much so within the above- 
mentioned interval; while water kept 
from freezing to 30^, which may easily be 
done, will absolutely contract as it is heat- 
ed for ten or more degrees, that is, to 40*^ 
or 42'' of the thermometer, and wiH then 
begin to expand as its heat is augmented, 
at first slowly, and afterward gradually 
more rapidly, so as to observe upon the 
whole a verv increasing progiression. Now, 
mixtures oi these two substances will, as 
may be supposed, approach to the less or 
the greater of these progressions, accord- 
ing as they are compounded of more spi- 
rit or more water, while their total ezpan- 
rion will be greater, according as more 
spirit enters into their composition ; but 
the exact quantity of the expansion, as 
well as law of the progression, in all of 
them, can be determined only by trials. 
These were, therefore, the two other prin- 
cipal objects to be ascertuned by experi- 
ment. 

The person engaged to make these ex- 
periments was Dr. DolUuss, an ingenious 
Swiss gentleman then in London, who bad 
distinguished himself by several publica- 
tions on chemical subjects. As he could 
not conveniently get the quantity of spirit 
he wanted lighter than 825, at 60*> F., he 
fixed upon this strength as the standsurd 
for alcohol. 

These experiments of Dr. Dollfiiss were 
repeated by Mr. Gilpin, clerk of the Roy- 
al Society ; and as the deductions in tms 
account will he taken chiefly from that 
last set of experiments, it is proper here 
to describe minutely the method observed 
by Mr. Gilpin in his operation. This natu- 
rally resolves itself into two parts : the way 
ef making the mixtures, and the way of 
ascertaining their specific gravity. 

1. The mixtures were imide by weight. 



fts the only accurate method of fixing the 
proportions.^ In fluids of such very une- 
qual expansions bv heat as water and aIco« 
hoi, if measures had been employed, in* 
creasing or decreasing in regular propor- 
tions to each other, the proportions of the 
masses would have been sensibly irregu- 
lar : now the latter was the object in view, 
namely, to determine the real quantity of 
spirit in any given mixture, abstracting 
the consideration of its temperature. Be- 
sides, if the proportions had been taken 
by measure, a different mixture should 
have been made at every different degree 
of heat. But the principal consideration 
was, that with a yery nice balance, such as 
was employed on this occasion, quantities 
can be determined to much g^reater exact- 
ness by weight than by any practicable 
way of measurement. The proportions 
were therefore always taken by weight* 
A phial being provided of such a size as 
that it shoulcf be nearly full with the mix- 
ture, was made perfectly clean and dry> 
and being counterpoised, as much of the 
pure spirit as appeared necessity was 
poured into it. The weight of this spirit 
was then ascertained, suid the wei|^ht of 
distilled water required io make a mixture 
of the intended proportions was calcula- 
ted. This quantity of water was dien add- 
ed, with all the necessary care, the last 
portions being put in by means of a well- 
known instrument, which is composed of 
a small dbh terminating in a tube drawn 
to a fine point: the top of the dish being 
covered with the thumb, the liquor in it 
is prevented fromrunningout through the 
tube by the pressure of the atmosphere, 
but instantly begins to issue by drops, or 
a very small stream, upon raising the 
thumb. Water beix^g tlius introduced in- 
to the phial, till it exactly counterpoised 
the weight, which having been previously 
computed, was put into the opposite scale, 
the phial was shaken, and then well stop- 
ped with its glass stopple, over which 
leather was tied very tight, to prevent 
evaporation. No mixture was used till it 
had remained in the phial at least a month, 
for the full penetration to hare taken 
place ; and it was always well shaken be- 
fore it was poured out to have its spedfic 
gravity tried. 

2. There are two common methods of 
taking the specific gravity of fluids ; one, 
by finding the weight which a solid body 
loses by being immersed in them; the 
other, by filling a convenient vessel with 
them, and ascertaining the increase of 
weiglkt it acquires. In both cases a stan- 
dard must have been previously taken, 
which is usually distilled water; namely, 
in the first method, by finding the weight 
lost by the solid body in the water ; and 
in the second method^ the weight of the 
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veaiel ftUed with water. The tetter WM 
preferred, for the fbllowinr reasons : — 

When a bsll of flstsSy which is the pro- 
perest land of sohd body, is weig^d in 
any spiritaous or watery fluid, the adhe- 
sion of the fluid occasions some inaccura- 
cy, and renders the balance comparatively 
siug^sh. To what deg^ree this effect pro- 
ceed^ is uncertain; but from some expe- 
riments made by Mr. Gilpin with that 
▼iew, it appears to be veiy sensible. 
Moreover, m this method a large surface 
must be exposed to the air during the 
operation of weighing, which, especially 
in the higher temperatures, would give oc- 
casion to such an evaporation as to alter 
essentially the streng^ of the mixture. It 
seemed also as if the temperatui^ of the 
fluid under trial could be determined more 
exactly in the method of fiUing a vessel 
than in the other: for the fluid cannot 
well be stirred whilethe ball to be weigh- 
ed remuns immersed in it ; and as some 
time must necessarily be spent in the 
weighing, ^e change of heat which takes 
place during that period will be unequal 
through the mass, and may occasion a sen- 
sible error. It is true, on the other hand, 
that in the method of filling a vessel, the 
temperature could not be ascertained with 
the utmost precision, because the neck of 
the vessel employed, containing about ten 
grains, was fiiUed up to the mark with spi- 
rit not exactly of the same temperature, 
as will be explained presently : but this 
error, it is supposed, would by no means 
equal the other, and the utmost quantity 
rf it may be estimated very nearly. Fi- 
nally, it was much easier to bring the fluid 
to any given temperature when it was in 
a vessel to be weighed, than when it was 
to have a solid boidy weighed in it; be- 
cause in the former -case the quantity was 
smaller, and the vessel containing it more 
manageable, being readily heated with the 
hand or Warm water, and cooled with cold 
water : and the very circumstance, that so 
much of the fluid was not required, prov- 
ed a material convenience. The particu- 
lar disadvantage in the method of weigh- 
ing in a vessel, is the diflkulty of filling it 
with extreme accuracy; but when the ves- 
sel is judiciously and neatly marked, the 
error of filling will, with due care, be ex- 
ceedingly minute. By several repetitions 
of the same experiments, Mr. Gilpin seem- 
ed to bring it within the l-15000th part of 
the whole weight. 

The above-mentioned considerations in- 
dnced Dr. Blagden, as well as the gentle- 
men employed in the experiments, to give 
the preference to weighing the fluid it- 
self; and that was accordingly the method 
practised both by Dr. Dollfuss and Mr. 
Gilpin in their operations. 

The vessel chosen as most conveiuent 
Voc r. [18] 



fer the purpose was a hollow glass baQ,^ 
terminating in a neck of small bore. That 
which Dr. Dollfuss used held 5800 grains 
of distilled water ; but as the balance was 
so extremely accurate, it was thought ex- 
pedient, upon Mr. Gilpin's repetition of 
the experiments, to use one of only 2965 
grains capacity, as admitting the heat of 
any fluid contained in it to be more nicely 
determined. The ball of this vessel, which 
may be called the weighing bottle, mea- 
sured about 2.8 inches in diameter, and 
was spherical, except a slight flattening 
on the part opposite to the neck, which 
served as a bottom for it to stand upon* 
Its neck was formed of a portion of a ba- 
rometer tube, .25 of an inch in bore, and 
about 1 j inch long ; it was perfectly cy« 
lindrical, and, on its outside, very near the 
middle of its length, a fine circle or ring 
was cut round it with a diamond, as the 
mark to which it was to be filled with the 
liquor. This mark was made by fixing 
the bottle in a lathe, and turning it round 
with great care, in contact with the dia- 
mond. The ^lass of this bottle was not 
very thick; it weighed 916 grains, and 
with its silver cap 936.' 

When the specific gravity of any liquor 
was to be taken by means of this bottle, 
the liquor was first brought nearly to the 
required temperature, and the bottle was 
filled with it up to the beginning of the 
neck only, that there might be room for 
shaking it. A very fine and sensible ther- 
mometer was then passed throUj^h the 
neck of the bottle into the contained it- 
quor, which showed whether it was above 
or below the intended temperature. In 
the former case the bottle was brought in- 
to colddr air, or even plunged for a mo- 
ment into cold water ; the thermometer 
in the mean time being frequently put in- 
to the contained liquor, tiU it was found 
to sink to the ri|^ht point. In like man- 
ner, when the liquor was too cold, the 
bottle was brought into warmer air, im- 
mersed in warm water, or more common- 
ly held between the hands, till upon re- 
peated trials with the thermometer the 
just temperature was found. It will be 
understood, that during the course of this 
heating or cooling, the bottle was very 
frequently shaken between each immer- 
tion of the thermometer ; and the top of 
the neck was kept covered, either with 
the finger, or a silver cap made on pur- 
pose, as constantly as possible. Hot wa- 
ter was used to raise the temperature only 
in heats of 80^ and upwards, inferior heats 
being obtained by applying the hands tQ 
the bottle ; when the hot water was em- 
ployed, the ball of the bottle was plunged 
into it, and again quickly lifted out, with 
the necessary- shaking interposed, as often 
as was necessary for commuiucAting tlie 
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Kequivedlietttto^eliqttor; hatctxfwm 
itkcn to wipe the botde dry after emskt 
inimersion» bef<ve it wis shakeii, lest any 
adheringmoistuTe might by accident get 
into it. The liquor having by these means 
been brought to the dewed temperature; 
the next operation wm to fill up the hot- 
tie exactly to the mark upon the neck, 
which was done with some of the same K- 
quor, by means of a g:la88 funnel with a 
very fflnall bore. Mr. ^pin endeavoured 
to get that portion of the liquor which 
vas employed for this purpose* pr^ty 
nearly to the temperature of the liquor 
contained in the bottle ; but as the whole 
quantity to be added never exceeded ten 
erains, a difference of ten demes in the 
heat flf that smaU quantity, which is more 
than it ever amounted to, would have oc- 
casioned an error of only l-30th of a de- 
gree in the temperature of the mass. 
Enough of the liquor was put in to fill the 
neck rather above the mark, and the su- 
perfluous quantity was then absorbed to 
l^reat nicety, by bringing into contact with 
It the fine point of a small vM of blotting 
paper. As the surface of the liquor in the 
neck would be always concave, the bot- 
tom or centre of this concavity was the 
part made to coincide with the marie round 
the glass ; and in viewing it care was ta- 
ken, that the near and opposite sides of 
the mark should appear exactly in the 
•ame line, by which means all parallax was 
avoided. A silver cap, which fitted tight, 
was then put upon the neck, to prevent 
evaporation; and the whole apparatus 
was in tiiat state laid in the scale of the 
balance, to be weighed with all the exact« 
aess possible. 

The spirit employed by Mr. C^in was 
furnished to him by Dr. Dollfuss, under 
whose inspection it had been rectified fix>m 
rum supplied by government. Its speci- 
fic gravity, at 60 degrees of heat, was 
.82514. It was first weighe4 pine» in the 
above-mentioned bottle, at every five de- 
grees of heat, from 30 to 100 inclusively. 
Then mixtures were formed of it, and dis- 
tilled water, in every proportipn, from 
l-20th of the water to equal pait»<^' water 



and spirit; the qaantity of water added 
being soecessivefy augmented, in the pro- 
portion of fkre grainato one hundred of 
the spirit ; and these mixtures were also 
w^hed in the bottle, like the pure spirit, 
at every five degrees of heat. The num* 
hers hence resuttiiup are delivered in the 
ft^wing table; where the first c^uma 
shows the .degrees of heat; the second 
gives the wei«it of the pure spirit con- 
tained in the bottle at those different de- 
grees ; the third gives the weight of a 
mixture in the proportions of 100 parts by 
weight of that spirit to 5 of water, and so 
on successively till the water is to the spirit 
as too to 5. They are the mean of three 
several experiments at least, as Mr. C^pin 
always filled and weighed the bottie ovev 
mm that number of times, if not oftener* 
"Hie heat was taken at the even degree* 
as shown by the thermometer, without any 
allowance m the first instance, because tl^ 
coincidence of the raeicury with a division 
can be perceived more accurately than 
any fraction can be estimated; andt&e er> 
rors of the thermometers, if any, it was 
supposed would be less iqion the grand 
divisions of 5 degrees than in any others. 
It must be observed, that Mr. C^ia used 
the same mixture throughout all the dif- 
ferent tempeiatures, heating it up finm 
30^ to 100^ ; hence some sbbSH error in its 
strength may have been occsaoned in the 
higher degrees^ by more spirit evaporat- 
ing than water: but this, it is heheved, 
must have been trifling, and greater in- 
eonvenience would probab^^ have renilt- 
ed from interposing^ a fiesh mixture. 

The precise specific gravity of the pure 
spirit employed was .82514 ; but to avoid 
an inconvenient fraction, it is taken, in 
constructing the table of q>ecific gravi- 
ties, as .825 only, a proportional deduc- 
tion being made irom all the other num- 
bers. Thus the following table gives the 
true specific gravity, at the difierent de- 
grees of heat, of a pure rectified spirit, 
the specific gravity of which at 60^ is 
•825, together with the specific gravities 
of different mixtures of it with Water, at 
those different temperatures. 
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JRefU specific GroMet at the 4ifeKnt Temperatwret. 



Halt. 



30« 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

too 



The. 
pvffe 
•pirit. 



100 

oftpint 
to«gr. 
•f water 



83896 
83672 
83445 
83214 
82977 
82736 
82500 
82262 
82023 
8178U 
81530 
81291 
81044 
80794 
80548 



100 
grains 
of ipirit 
tQlOgr. 
of water 



84995 
84769 
84539 
84310 
84076 
83834 
83599 
83362 
83124 
82878 
82631 
82396 
82150 
81900 
81657. 



100 
grains 
of spirit 
tolSgr. 
of water 



•85957 
85729 
%5507 
85277 
85042 
84802 
84568 
84334 
84092 
83851 
83603 
83371 
83126 
82877 
82639 



100 
gruns 
of spirit 
toSOgr. 
of water 



•86825 
86587 
86361 
86131 
85902 
85664 
85430 
85193 
84951 
84710 
84467 
84243 
84001 
83753 
83513 



100 

of spint 
to25gr. 
of water 



•87585 
^7ZS7 
87134 
86905 
86676 
86441 
86208 
85976 
85736 
85496 
85248 
85036 
84797 
84550 
84038 



loo 
grains 
of tpirit 
toSOgr. 
of water 



•88282 
88059 
87338 
87613 
87384 
87150 
86918 
86686 
86451 
86212 
85966 
%375:r 
85518 
85272 
85031 



•88921 
88701 
88481 
88255 
88030 
87796 
87569 
87337 
87105 
86864 
86622 
86411 
86172 
85928 
85688 



100 
grains 
of spirit 
toSSgr. 
of water 



100 

of spint 
to40gr. 
of water 



•89511 
89294 
89073 
88849 
88626 
88393 
88169 
87938 
87705 
87466 
87228 
87021 
86787 
86542 
86302 



•90054 
89839 
89617 
89396 
89174 
88945 
88720 
88490 
88254 
88018 
87776 
87590 
87360 
87114 
86879 



100 
grains 
of spirit 

of water 



.90558 
90345 
90127 
89909 
89684 
89458 
89232 
89006 
88773 
88538 
88301 
88120 
87889 
87654 
87421 



100 
grains 
of spirit 
toSOgr. 
of water 



•91023 
90811 
90596 
90380 
90160 
89933 
89707 
89479 
89252 
89018 
88781 
88609 
88376 
88146 
87915 



Heat. 



100 

of spint 
to 5i gr. 

of water 



30° 

35 

40 

45 

50 

55 

GO 

65 

70 

75 

80 

B5 

90 

95 

too 



•91449 
91241 
91026 
90812 
90596 
90367 
90144 
89920 
89695 
89464 
89225 
89043 
88817 
88588 
88357 



100. 
gn^ains^ 



rspmt 4>j 
>0dgr. to 



of water 



100 

4>f spint 
tool 



of water ot ^t*«ter of water 



•91847 
91640 
91428 
91211 
90997 
90768 
90549 
90328 
90104 
89872 
89639 
89460 
89230 
89003 
88769 



92217 
92009 
91799 
91584 
91370 
91144 
90927 
90707 
90484 
90252 
90021 
89843 
89617 
89390 
89158 



100 
graini 
of spirit 

75 gr. 



"92563 
92355 
92151^ 
91937 
91723 
91502 
91287 
91066 
90847 
90617 
90385 



89988 
89763 
89536 



100 
grains 
ot spirit 
to 75 gr. 



.92889 
92680 
92476 
92264 
92051 
91837 
91622 
91400 
91181 
90952 
90723 
90558 
90342 
90119 
89889 



100 
grains 
of spirit 
toSOgr. 
of water 



100 
grains 
of spirit 
tD85gr. 
of water 



•93191 
92986 
92783 
92570 
92358 
92145 
91933 
91715 
91493 
91270 
91046 
90882 
90668 
90443 
90215 



100 
grains 
of spirit 
to90gr. 
of water 



43474 
93274 
93072 
92859 
92647 
92436 
92225 
92010 
91793 
91569 
91340 
911S6 
90967 
90747 
90522 



•93741 
93541 
^3341 
93131^ 
92919 
92707 
92499 
92283 
92069 
91849 
91622 
91465 
91248 
91029 
90805 



100 
grains 
of spirit 
to05gr« 
of water 



•93991 
93790 
93592 
93382 
93177 
92963 
92758 
92546 
92333 
92111 
91891 
91729 
91511 
91290 
91066 



100 
gr. of 
spirit to 
100 gr. 
of water 



•94222 
94025 
93827 
93621 
93419 
93208 
93002 
92794 
92580 
92364 
92142 
91969 
91751 
91531 
91310 





95 , 90 


85 I 


80 1 75 
grains of grains of 


70 , «5 


60 J 


ss 


BO 




grains of 


grains of 


grains of 


grainiof 


grains of 


gniuisof 


gnunsof 


grains of 


HeRt. 


spirit to 


spirit to 
lOOgr.of 


spirit to 


spirit to 


spirit tt 


spirit to 


spirit to 


spirit to 


spirit to 


spirit to 




I00gr.of 


lOOgr.of 


lOOgr.of 


lOOgr.rf 


100|;r.o(f 
water* 


lOOgr.of 


lOOgr.of 


lOOgr.of 


100^ of 




water. 


water. 


water. 


water. 


water. 


water. 


water. 


water. 


water. 


30* 


.94447 


.94675 


.94920 


.95173 


.95429 


.95681 


.95944 


.96209 


.96470 


.96719 


35 


94249 


94484 


94734 


94988 


95246 


95502 


95772 


96048 


96315 


96579 


40 


94058 


94295 


94547 


94802 


95060 


95328 


95602 


95879 


96159 


96434 


45 


93860 


94096 


94348 


94605 


94871 


95143 


95423 


95705 


95993 


96280 


50 


93658 


93897 


94149 


94414 


94683 


94958 


95243 


95534 


95831 


96126 


55 


93452 


93696 


93948 


94213 


94486 


94767 


95057 


95357 


95662 


95966 


60 


93247 


93493 


93749 


94018 


94296 


94579 


94876 


95181 


95493 


95804 


65 


93040 


93285 


93546 


93822 


94099 


94388 


94689 


95000 


95318 


95635 


70 


92828 


93076 


93337 


93616 


93898 


94193 


94500 


94813 


95139 


95469 


75 


92613 


92865 


93132 


93413 


93695 


93989 


94301 


94623 


94957 


95292 


80 


92393 


93646 


99917 


93201 


93488 


93785 


94102 


94431 


94768 951111 
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r 




graimofl 


VtatU 


ivirit to spirit to 
lOOsr.of lOOffr.of 


•pint to 


«pmt to 


spirit to 


spirit to 


spirit to 


spint to 


spirit tol 




ioo gr. of IDO pr. oil v^gr, at] lOO pr of 


l&pr.ol 


t^gr.of lOOgr.ofl 




wntar. water. 


water. 


water. 


water. 


water. 


water. 


water. 


water. 


30<> 


.96967 


.97200 


.97418 


.97635 


.97860 


.98108 


.98412 


.98804 


.99334 


35 


96840 


97086 


97319 


97556 


97801 


98076 


98397 


98804 


99344 


40 


96706 


96967 


97220 


97472 


97737 


98033 


98373 


98795 


99345 


45 


9^563 


96840 


97110 


97384 


97666 


97980 


98338 


98774 


99338 


50 


96420 


96708 


96995 


97284 


97589 


9792U 


98293 


98745 


99316 


55 


96272 


96575 


96877 


97181 


97500 


97847 


982-9 


98702 


99284 


60 


96122 


96437 


96752 


97074 


97410 


97771 


98176 


98654 


99244 


65 


95962 


96288 


966-20 


96959 


97309 


97688 


98106 


98594 


99194 


70 


95802 


96143 


96484 


96836 


97203 


97596 


98028 


98527 


99134 


75 


95638 


95987 


96344 


96708 


97086 


97495 


97943 


98454 


99066 


80 


95467 


95826 


96192 


96568 


96963 


97385 


97845 


98367 


98991 



From thU table, when the specific gnu 
Tity of any spirituouft liquor is ascertained, 
it will be easy to find the quantity of rec- 
tified spirit of the above-mentioned stand- 
ard, contained in any given quantity of it, 
either by weight or measure. 

Dr. Blagden concludes this part of the 
report wim observing, that as the experi- 
ments were made with pure spirit and wa- 
ter, if any extraneous substances are con- 
tained in the liquor to be tried, the speci- 
fic gravity in the tables will not give ex- 
act^ the proportions of water and spirit 
in it. TTie subsUnces likely to be ibund 
in spirituous liquors, wher» ao fraud is 
suspected, are essential oils, sometimes 
cmpyreumatic, mucilaginous or extrac- 
tive matter, and perhaps some saccharine 
matter. The eifect of these, in the course 
of tntde, seems to be hardlv such as would 
be worth the cognizance of the excise, nor 
could it easily be reduced to certain rules. 
Essential and empyreumatic oils are near- 
ly of the same specific gravity as spirit, in 
general rather hghter, and therefore, not- 
withstanding the mutual penetration, wiU 
probably make little change in the speci- 
fic gpravity of any spirituous liquor in which 
they are dissolved. The other substances 
are all heavier than spirit; the specific 
gravity of common gum being 1.482, and 
of sugar 1.606, accoraing to the tables of 
If. Bnsson. The eifect of them therefore 
will be to make spirituous liquors appear 
less strong than they really are. An idea 
was once entertained of endeavouring to 
determine this matter witli some preci- 
sion ; and accordingly Dr. DoUfiiss evapo- 
rated 1000 grains of brandy, and the same 
quantity of rum, to dryness ; the former 
left a residuum of 40 grains, the latter only 
of 8^ grains. The 40 grains of residuum 
from the brandy, dissolved again in a mix- 
ture of 100 of spirit, with 50 of water, in« 
creased its specific gravity .00041 ; hence 
the effect ot this extraneous matter upon 
the specific gravity of the brandy contain- 
ing i^ would b« to incrcMe the fifth de* 



cimal by six nearly, equal to what would 
indicate in the above-mentioned mixture, 
about one -seventh of a grain of water more 
tiian the truth, to 100 of spirit ; a quantity 
much too minute for the consideration of 
government. 

• 1 he strength of spirits is determined, 
according to tne existing laws, by Sikes' 
hydrometer ; but as many dealers use Di- 
cas's, I shall describe it here, and the for- 
mer under DlSTltlATIOW. 

It conio'ts of a light copper ball, termi- 
nating below with a ballast bottom, and 
above with a thin stem, divided into ten 
parts. The upper extremity of the stem 
IS pointed, to receive the little brass poi- 
ses, or discs, having each a hole in its cen- 
tre. These poises are numbered 0, 10, 
20, 30, &c. up to 350, which is the li^test 
of the series. The intermediate units are 
given by the subdivisions on the stem. A 
graduated ivoty scale, with a sliding rule 
and thermometer, accompanies the hydro- 
meter, to make die correction for tempe- 
rature. The first thing in using this in- 
strument is to plunge the thermometer 
into a glass cylinder containing the spirits 
to be tried. The sliding rute has then 
the degree of temperature indicated, 
moved opposite to zero. The hydrome- 
ter is now placed in the liquid, and such 
apoise is put on as to submerge a portion 
or the stem. The w;eigfat, added to the 
number on the stem, gives a sum, opposite 
to which on the scale we find a quantity, 
by which the particular spirit may exceed 
or fall short of proof. Thus, if it mark 29 
under proof, it signifies that eveiy 100 
gallons ofthat spirit would require to have 
20 gallons of water abstracted from it to 
bring it up to proof. If it mark 10 over 
proof, we learn that every 100 gallons con- 
tain too little water, by 10 gallons. When 
the thermometer degree of 60** is put op- 
posite to zero, then ute weights and value 
of the spirits have the following relations 
o&thifltcale. 
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103.5 denotes 30 tinder btoof 
133.0 10 

143.5 Proof 

167. 10 over proof 

193. 30 

331. 30 

351. 40 

384.5 50 

332.5 60 

350.5 Alcohol. 

There is, besides, an upper line on the 
scale, which exhibits the relation of spirit 
to water reckoned unity. Thus, above 10 
percent, over proof in the second line, 
we find in the upper line 8. From which 
we leam, that 8 of that spirit by bulk, 
will take 1 of water to bring it down to 
proof. At 60* Fahr. I find that 10 over 
proof on Dicas corresponds to 

Specific levity 0.9085 

3i over proof to 0.9169 

Proof, 0.9218 

Now, by Gilpin's tables this indicates a 
oompound of 100 grains of alcohol 0.835, 
and 85 grains of water. But by Lowitz's 
table in Crell's Annals, the above specific 
gravity coiresponds to 48 alcohol of 0.791 
at the temperature of 68**, united to 53 of 
water, and cooled down to 60. Equal 
weights of that strong alcohol and water, 
g^ve, at 60O, a specific gravity of 0.9175. 
By the Act of Parliament of 1763, the spe- 
cific gravity of proof was fixed at 0.916, 
It is at present to water as 12 to 13, or ■• 
0.923. See Distillatiow.* 

The most remarkable characteristic pro- 
perty of alcohol, is its solubility or combi- 
nation in all proportions with water; a 
|)roperty possessed by no other combus- 
tible substance, *except the acetic spbrit 
obtained by di^illing the dry acetates.* 
When it is burned m a chimney which 
communicates with the worm-pipe of a 
^stilling apparatus, the product, which is 
condensed, is found to consist of water, 
which exceeds the spirit in weight about 
one-eighth part; *or more accurately, 
100 parts of alcohol, by combustion, yield 
136 of water.* If alcohol be burned in 
closed vessels with vital air, the product 
is found to be water and carbomc acid. 
Whence it is inferred that alcohol con- 
sists of hydrogen, united either to carbo- 
nic acid or its acid^ble base; and that 
the oxygen uniting on the one part with 
the hydrogen, forms water; ana on the 
other with the base of the carbonic acid, 
forms that acid. 

* The most exact experiments on this 
subject are those recentlv made by M. de 
Saussuie. The alcohol he used had, at 
62.8«», a specific gravity of 0.8302 ; and by 
Richter's proportions, it consists of 13.8 
water, ana 86.2 of absolute alcohol. The 
VApour of alcohol was made to traverse a 
aanow porcehon tube ignitedy fiK)m wUkh 



the products passed along a glass tube 
about six feet in length, refrigerated by 
ice. A little charcoal was deposited in 
the porcelain, and a trace of oil in the 
rlass tube. The resulting g^ being ana- 
fyzed in an exploding eudiometer, with 
oxygen, was found to resolve itself into 
carbonic acid and water. Three volumes 
of oxygen disappeared fbr eveiy two vo- 
lumes of carbonic acid produced; a pro- 
portion which obtains, m the analysis by 
oxygenation of defiant gas. Now, as 
nothing resulted but a combustible gas of 
this peculiar constitution, and condensed 
water equal to "^42 4 of the original weight 
of the alcohol, we may conclude, that va- 
pour of water and defiant gas are the sole 
constituents of alcohol. Subtracting the 
13.8 per cent, of water in the alcohol at 
the beginning of the experiment, the ab- 
solute alcohol of Richter will consist of 
13.7 hydrogen, 51.98 carbon, and 34.33 
oxygen. Hence M. Ga^-Lussac infers, 
that alcohol, in vapour, is composed of 
one volume defiant gas, and one volume 
of the vapour of water, condensed by 
chemical afiinity into one volume. 
The sp. gr. of olefiant gas is 0.97804 
Of aqueous vapour is 0.62500 

Sum- 1.60304 
And alcdiolic vapour is «• 1.6133 

These numbers approach nearly to those 
which would result horn two prime equi- 
valents of okfiant gas, combined with one 
of water; or ultimately, three of hydro- 
gen, two of carbon, and one of oxygen.* 

A conuderable number of the uses of 
this fluid as a menstruum, will pass under 
our observation in the various artides of 
this work. The mutual action between 
alcohol and acids produces a light, vola- 
tile, and inflammable oil, called ether. 
See Etbeb. Pure alkalis unite with spirit 
of wine, and form alkaline tinctures. Few^ 
of the neutral salts unite with this flui^ 
except such as contun ammonia. The 
carbonated fixed alkalis are not soluble im 
it. From the strong attraction which ex- 
ists between alcohd and water, it unites 
with this last in saline solutions, and in 
most cases precipitates the salt. This is 
a pleasing experiment, whieh never fails 
to surprise those who are unacquainted 
with chemical effects. If, for example, a 
saturated solution of nitre in water be ta^ 
ken, and an equal quantity of strong spi- 
rit of wine be poured upon it, the mixture 
will constitute a weaker spirit, which is 
incapable of holding the nitre in solution ; 
it therefore falls to the bottom instantiy, 
in the form of minute ciystals. 

The degrees of sohibility of many neu- 
tral salts in alcohol have been ascertained 
by experiments made by Macquer, of 
whicl^ an ac^ovnt is published in the |le- 
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MiiiBi^ t^ Turin AcadMsr. Tli« alctf- 
M be en^loyed was cuefiiUy freed from 
fapenbunclant water by repeated rectifi- 
catioosy without addition of any interme- 
diate Bubstance. The salts employed ia 
Ilia experiments were previously deprired 
(rf their water of ciystallization by a care* 
lid dzyinff. He poured into a matrass^ 
upon each of the salts thus prepared, half 
Stt ounce of his alcohol, and set the mat* 
jMs in a sand4>ath. When the spirit be- 
gnk to boil, he filtrated it while it was hot. 



and M it to cool, ikat he might observe 
the crystalhzations which took plaee. He 
then evaporated the spirit, aad weighed 
the saline residuums. He repeated these 
experiments a second time, with this dif- 
ference, that instead of evaporating- the 
spirit in which the salt had beendx^^ested, 
he set fire to it in order to examine the 
phenomena which its flame might exhibit. 
The principal results of his experiments 
are subjoined. 



Qami^ 


SalU -luhU in 


•fgrabM, 


200 grama ofaphiu 


4 


Nitrate of potash 


5 


Muriate of potash 
Sulphate oisoda 





15 


Nitoteofsoda 





Muriate of soda 







108 


Nitrate of ammonia 


24 




288 


l^trateoflime 


288 


Muriate of lime 


84 


Nitrate of silver 


204 


Muriate of mercury 


4 


Nitrate of iron 


26 


Muriate of iron 



48 Nitrate of copper 
48 Muriate of copper 



PeeaUwr phenomena of thejlame^ 

C Flame laSrger, higher^ more ardent, yellow^ 
X and luminous. 

Large, ardent, yellow, and luminous. 

Considerably red. 

Yellow, luminous, detonating. 

Ljurger, more ardent, and reddish. 

None. 

Whiter, more luminous. 

None. 
C Laiger, more luminous, red and decrepitat* 
I ing. 

Like that of the calcareous mtre. 

None. 

Laige, yellow, luminous and decrepitating. 

Red and decrepitating. 

More white, luminous and sparkling. 
CMore white, luminous and green, much 
< smoke. The saline residuum became 
C black and burnt 

Fine green, white, and red fulguratlons. 



Macquer accompanies the relation of 
his experiments with many judicious re- 
flections^ not easily ciqpable of abridg* 
ment. 

* The alcohol he employed in the above 
experiments had a specific gravity of 0.840. 
In analytical researches, alcohol afFords 
frequently a valuable agent for separating 
aaltsfrom each other. We shall there- 
lore introduce the following additional 
table, derived chiefly from the experi- 
ments of Wenzel ; — 

100 parts of alcohol dissolve of 
Temp, 

Nitrate of Cobalt at SA.S^ 100 parts 

Copper 54.5 100 

Alumina 54.5 100 

Lime 125 

Magnesia 180.5 290 

Muriate of Zinc 54.5 100 

Alumina 54.5 100 

Magneria 180.5 547 

Iron 180.5 100 

Copper 180.5 100 

Acetate of Lead 154.5 100 

At the boiling point, 100 parts of alco- 

hoi dissolve of muriate of lime 100 part& 
Nitrate of ammonia, 89 

Corrosive sublimate, 88.8 



Succinic acid, - 74.0 parts 
Acetate of soda, - 46.5 
Nitrate of silver, - 41.7 
Refined sugar, - 24.6 
Boracic acid, - 20.0 

Nitrate of soda, - 9.6 

Acetate of copper, 7,S 

Muriate of ammonia, 7.1 
Superarseniate of potash^ S,7S 
Oxalate of potash, - 2.92 
Nitrate of potash, - 2.08 

Muriate of potash, 2.08 

Arseniate of soda, - 138 
Arsenious acid, - 1.25 

Tartrate of potash, 0.42 

It appears from the experiments of Kir- 
wan, that dried muriate of magnesia dis- 
solves more abundantly in strong than in 
weak alcohol. 100 parts of specific gravi- 
ty 0.900, dissolve 21.25; of 0.848, 23.75 j 
of 0.834, 36.25; and of 0.817, 50 parts. 
The same holds to a more limited extent 
with acetate of lime ; 2.4 grains being so- 
luble in 100 of the first alcohol, and 4.88 
in 100 of the last. The other salts which 
he tried dissolved more sparingly in the 
stronger than in the weaker alcohol. The 
temperature of the spirit was generally 
60^. 
All deliquescent salts are soluble in al- 
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eolK^ Aloobd 
jalts ia toKitioiiy giivtcs a flame Of a lioh 
piiiple. The cujffeous salts and honac 
acid giTe a g^reen ; the solobie calcareoy% 
a rewsh ; the baiytie, a yellowifih, For 
the effect of other salts on the colour of 
the flaine, see a preceding table. 

The alcohol of 0. 825 has been subjected 
to acokl of -^91^ without congealing^. 
But Mr. Hutton hss given, in the Edin* 
butgh £nc7<^p3edia, article Cold, an ao> 
count of his having succeeded in solidify* 
iag it by a cold of — 110<*. The idcohol 
he empi]oyedhadadensityof0.798at 60^ 
His process haa been kept secret The 
boili^ n»iit <^ alcohol of 0.825 is 176<*, 
Alcoh<daf0.8I0boilaatl73.5^ For the 
force of its vapour at different tempera* 
hires, and its specific heat, see Vatoub. 

M. Gby-JLossac having diown that this 
liquid is a componnd (» defiant gas and 
water, potassium ought to disengage 
from it, hydrogen and olefiant gas. In 
tbe abaolate akobol of Bichter there la 
BO water, independent of that which is 
essential to its constitution* See FiSMaw- 

TATIOV. 

When chlcmne is made to pass threlugh 
alcohdl m a Woulfe's apparatus, there is a 
mutual action. Water, an oily looking 
substance, moiiatic add, a little carbonic 
acid, and carbonaceous matter, are the 
prodtt<:ts. This oily substance does not 
redden turnsole, though its analysis by 
heat siiows it to contain muriatic acid, it 
is white, denser thin water, hasacooUng 
taste snalogous to mint, and a pecuhar* 
but not ethereous odour. It is veiy solu- 
ble in alcohol, but scarcely in water. The 
strongest alkdis haidly operate on it. 

It was at one time anintMned, that al- 
cohol 4id not exist in wine% but was gfe- 
nerated and evolved by the heat of cU&l* 
lation. On this subject M. Gay-Lussac 
made aome deci«ve experiments. He 
agitated wine with litharge m fine powder, 
iSi ihc liquid became as limmd as water, 
and then saturated k with suncarbonate ti 
potash. The alcohol immediately sepa- 
rated and floated on the top. He distiUed 
another portion of wine m vacuo^ at 59^ 
Fahr. a temperature considerably below 
that of fermentatioa. Alcohol came over. 
Mr. Brande proved the same position bv 
saturating wine with subacetale of lead, 
and addhig potash. 

MIC Adam and Duportal have substitut- 
ed for the redistillations used in converting 
wine or beer intoalcohd, a single process 
of great elegance. From the capital of 
the still a tube is led into a large copper 
recipient This is joined by a second tube, 
to a second recipient, and so on through 
a series of four vessels, arranged Kke a 
Woutfe's apparatus. The last vessel com- 
municatea with the worm of the first ra- 



Tlik, Hie body ofUKatt 
the two recipients nearest it, art 
charged with the wine or fennented li- 
quor. When ebil^ioa takes place in th« 
still, the vapour issidng from it communi- 
cates soon the boiling temperature to the 
liquor in the two recipients. Ftom liiese 
the violatilized aleohoi will rise and pass 
into the third vessel, whidi is empty. 
After communicating a certain heat to it, 
a portion of the finer or less condensable 
spirit vnXL ^ass into the fourth, and thence» 
in a little, into the worm of the fost refri- 
geratoiy. The wine round the worm wiH 
likewise acquire heat, but more slowly. 
The vapour that in that event, may pass 
UBCondensed through the first worm, is 
conducted into a second, surrounded with 
cold water. Whenever Uie still is worked 
off, it is replenished by a stop-cock from 
the nearest recipient, whic^, in its turn, 
is filled fixira the second, and the second 
from the first wonn tub. It is eiddent, 
from this arrangement, that i»y keeping 
the 3d and 4th recipients at a certain tera- 

Seratiue, we may cause alcohol, of any 
eg^e of lightness, to form directly at 
the remote extremity of the apparatus. 
The utmost economy of fuel and time is 
also secured, and a better flavoured spirit 
iis <^tidned. The aniere g^ia o£ bad spirit 
can scarcely be destroyed by infusion with 
charcoal and redistillation. In this mode 
of operating, the taste and smell are ex- 
ceflent, from the first. Several stills on 
the above principle have been constracted 
at Glasgow for the West India distillers, 
and have been foimd extremely advanta- - 
geous. The excise laws do not permit 
&eir employment in the home trade.* 

If sulphur in sublimation meet with the 
vapour of alcohol, a very small portion 
combines with it, which communicates a 
hydrosulpburous nnell to the fluid. The 
increased surface of the two substances 
appears to favour the combination. It had 
been supposed, that this was the oidy way 
in which they could be united; but M. 
Favre has lately asserted, that, having di- 
lated two dramtt of flowers of sulphur 
m an ounce of alcohol, over a gentie fire 
not suflicient to make it boil, for twelve 
hours, he obtained a solution that gave 
twenty-three grains of precipitate. A si- 
milar mixture left to stand for a month in 
a place exposed to the solar iays,.afforded 
sixteen grains of precipitate $ and another, 
from which the light was excluded, gave 
thirteen grains. If alcohol be boiled with 
one-fouru of its weight of sulphur for an 
hour, and filtered hot, a small quantity of 
minute crystals will be deposited on cool- 
ing; and the clear fluid wiH assume an 
opaline hue on being diluted with an 
equal quantity of water, in which state it 
wtU pass the fih^i nor will any sediment 
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fte dopoilted to WTcna houii. The al- 
cohol used in the hsUnentioned experi* 
ment did not exceed .840. 

Phosphorus is sparingl^r soluble in alco- 
hol, but in greater (quantity by heat than 
in cold. The addition of water to this 
solution aflbrds an opaque miJky fluid» 
which gradually becomes clear by the 
subsidence of the phosphorus. 

Earths seem to hare scarcely any action 
upon alcohol. Quick-hme, however, pro- 
duces some alteration in this fluids by 
changing its iSiayour and rendering it of a 
yellow colour. A small portion is proba- 
bly tijcen up. 

Soaps are dissolved with great facility 
in alcohol, with which they combine more 
readily than with water. None of the me- 
tals, or their oxides, are acted upon by 
this fluid. Resins, essential oils, camphor, 
bitumen, and various other substances, 
are dissolved with great facility in alcohol, 
from which they may be precipitated by 
the addition of water. From its property 
of dissolving resins, it becomes the men- 
struum of one class of varnishes. See 

YAEiriSB. 

Camphor is not only extremely soluble 
in alcohol, but assists the solution of re- 
sins in it. Hxed oils, when rendered diy- 
ing by metallic oxides, are soluble in it, aa 
well as when combined with alkalis. 

Wax, spermaceti, biliary calculi, urea, 
and all the animal substances of a resinoua 
nature, are soluble in alcohol ; but it cur- 
dles miU^ coagulates albumen, and har- 
dens the muscular fibre and coagulom of 
the blood. 

The uses of alcohol are various. Asa 
solvent of resinous substances and essen- 
tial oils, it is employed both in pharmacy 
and by the perfumer. When diluted with 
an equal quantity of water, constituting 
what is called proof spirit, it is used for 
extracting tinctures from vegetable and 
other substances, the alcohol dissolving 
the resinous parts, and the water the gum- 
my. From giving a steady heat without 
smoke when burnt in a lamp, it was foiv 
merly much emjHoyed to keep water 
boiling on the tea-table. In thermometers 
for measuring great degrees of cold, it is 
preferable to mercury, as we cannot bring 
it to freeze. It is in common use for pre- 
serving many anatomical preparations, 
and certain subjects of natural history ; 
but to some it is injurious, the molluscae 
for instance, the calcareous covering of 
which it in time corrodes. It is of con- 
siderable use too in chemical analyus, ,as 
appears under the different articles to 
which it is applicable. 

l^Yom the great expansive power of al- 
cohol, it has been made a question» whe- 
ther it might not be applied with advantage 
in the working of steam engines. From ^ 



MR6S of dxpeiiBienta made by Bctaa- 
court, it appean, that the steam of alco- 
hol has, in all cases of equal temperature, 
more than double the force of that of wa^ 
ter ; and that the steam of alcohol at 174^ 
F. is equal to that of water at Side's thus 
there is a considerable diminution of the 
consumption of fuel, and where this is so 
expensive as to be an obiect of great im- 
portance, by contriving the ma^inery so 
as to prevent the alcohol from being lost, 
it may possibly at some future time be used 
with advantage, if some other fluid of 
great expansive power, and inferior price, 
be not found more economical. 

It was observed at the beginning of this 
article, that alcohol might be decomposed 
by transmission through a red4iot tube : 
it is also decomposable by the strong acids, 
and thus affords that remarkable product^ 
Ethxb and Olivm Vun. 

AiB. See BsxB. 

AiaxBic, or Stiu. This part of che* 
mical apparatus used for oistilling of 
separating volatile products, by first nas^ 
ing them by heat, and then condensing 
them into the liquid state bj cold, is of 
extensive use in a variety of operttdons. 
It is described under the article LABomA- 
Tomx. 

ALixBBom Salt, Corronve muriate 
of mercury is rendered much more solu- 
ble in water, by the addition of muriate of 
ammonia. From this solution crystals are 
separated by cooling, which were called 
sal alembroth by the eai^er chemists, and 
appeared to consist of ammonia, muriatic 
acid, and mercury. 

Aloarotr (Powdxe or). Amonethe 
numerous preparations which the alchemi- 
cal researches into the nature of antimony 
have afforded, the powder of algaroth i» 
one. When butter of antimony is thrown 
into water, it is not totallv dissolved; but 
part of the metallic oxide falls down in 
the form of a white powder, which is tbe 
powder of algaroth. It is violently purga- 
tive and emetic in small doses of three or 
four gruns. See Ahttvost. 

Alkahsst. The pretended universal 
solvent, or menstruum, of the ancient che- 
mists. Kunckel has very well shown the 
absurdity of searching for a universal sol- 
vent, by asking, '* If it dissolve all substan- 
ces, in what vessels can it be contained?" 

Alkalescent. Any substance in which 
alkaline properties are beginning to be 
developed, or to predominate, is termed 
alkidescent. The onty alkali usually ob- 
served to be produced by spontaneous de- 
composition is the volatile; and from 
their tendency to produce this, some spe- 
cies of vegetables, particularly the cruci- 
form, are ^led alkalescent, as are some 
animal substances. See Fsbxsktatior 
(Ptrrmn), . 
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♦ AtKAKT. A term derived from kali the 
Arabic name of a plant, from the ashes of 
which one species of alkaline substance 
can be extracted. Alkalis may be defined, 
those bodies which combine with acids, 
so as to neutralize or impiur their activity, 
and produce salts. Acidity and alkalinity 
are therefore two correlative terms of one 
species of combination. When Lavoisier 
introduced oxygen as the acidifying prin- 
ciple, Morveau proposed hydrogen as the 
alkalUying principle, from its being a con- 
stituent ^ v(datile alkali or ammonia. But 
the spleadid discovery by Sir H, Davy, of 
the metallic bases of potash and soda, and 
of their conversion into iJkalis, by combi- 
nation with oxygen, has banished for ever 
that hypothetical conceit. It is the mode 
in which the constituenta are combined, 
rather than the nature of the constituents 
themselves, which ^ves rise to the acid 
or alkaline condition. Some metals, com- 
Mned with oxygen in one proportion, pro« 
duce a body possessed of alkaline proper- 
ties, in anotiier proportion of acid proper- 
ties. And on the other hand, ammonia 
and prussic acid prove that both the alka- 
line and acid conditions can exist inde- 
pendent of oxygen. These observations 
by generalizing our notions of acids and 
alkalis, have rendered the definitions of 
them very imperfect. The difficulty of 
tracing' a limit between the acids and al- 
kalis is stiU increased, when we find a body 
sometimes performing the functions of an 
acid, sometimes of an alkali. Nor can we 
diminish this difficulty by having recourse 
to the beautiful law discovered by Sir H. 
Davy, that oxygen and acids go to the 
positive pole,r and hydrogen, dkalis,. and 
inflammable bases to the negative pole. 
We cannot in fact g^ye the name of acid 
to ail the bodies which go to the first of 
these poles, and that of alkali to those 
that go to the second ^ and ^ we wished 
to define the alkalis by bringing into view 
their electric energy, it would be neces- 
sary te^ compare them with the electric 
energy w:hich is opposite to them. Thus 
we are always reduced to define alkalini- 
ty by the property which it has of saturat- 
ing acidity, because alkalinity and acidity 
are two correlative and inseparable terms. 
M. Gay-T^ussac conceives the alkalinity 
which the metallic oxide* enjoy to be' the 
result of two opposite properties, the al- 
kalifying property of the metal^ aiid the 
acidifying oi oxygen, modified both by 
the combination and by the proportions. 

The alkalis may be arranged into three 
classes : 1st, Those which cousin of a me- 
tallic basis combined with oxygen. These 
are three in number^ potadi, soda and 
Uthia. 2d, That which contains no oxygen, 
viz. ammonia," 3d, Those containing oxy- 
gen, hydrogen, ana carbon. In this class we 
Volt. [1^] 



have aconita^ atropia, brucia, cicnta, datur^ 
delphia, hyosciama, morphia, strychnia* 
and perhaps some other ttuly vegetabie 
alkalis. The order of vegetable alkalis 
may be as numerous as that of vegetable 
acids. The earths, lime, barytes, and 
strontites were enrolled among the alka** 
Hs by Fourcroy ; but they have been kept 
apart by other systematic writers, and are 
called alkaline earths. 

Bendes neutralizing acidity, and there- 
by giving birth to salts, the first four alka- 
lis have the foUowing properties : 

1st, They change the purple colour of 
many vegetables to a green, the reds to 
a purple, and the yellows to a browns If 
the purple have been reddened by acid> 
alkalis restore the purple. 

2d, They possess this power on vege- 
table colours after being saturated with 
carbonic acid, by which criterion they are 
distinguishable from the alkaline earths. 

3d, They have an acrid and' urinous 
taste. 

4tb, They are powerful Solvents' or cor- 
rosives of animal matter ; with which, as 
weU as with oils in general, they combine, 
so as to produce neutrality. 

5th, They are decomposed, or volati- 
lized, at a strong red heat. 

6th, They combine with water in every 
proportion, and also largely with alcohol. 

7th, They continue to be soluble in 
water when neutralized with carbonic 
acid ; while the alkaline earths thus be- 
come insoluble. 

It is needless to detail at. leng^ Dr. 
Murray's speculations on alkalinity. They 
seem to flow from a partial view of che- 
mical phenomena. According to him, 
either oxygen or hydrogen may generate 
alkalinity, but the combination of both 
principles is necessary to give this condi- 
tion its utmost energy. << Thus the class 
of alkalis will exhibit the same relations 
as the class of acids. Some are compounds 
of a base with oxygen ; such are the 
greater number of tl>e metallic oxides, and 
probably of the earths. Ammonia is a 
compound of a base with hydrogen. Pot- 
ash, soda, barytes, strontites, and proba- 
bly lime, are compounds of bases with 
oxygen and hydrogen; and these last^ 
like the analogous order among the acids^ 
possess the highest power." Now,f surely, 
perfectly dry and caustic barytes, lime, 
and strontites, as well^as the dry potash 
and soda obtsdned by Gay-Lussac and 
Thenard, are not inferior in alkaline pow- 
er to the sanie bodies after they are slack- 
ed or combined with water* 100 parts of 
lime destitute of hydrogen, that is, pure 
oxide of calcium, neutralize 78 paii:s oF 
carbonic acid. But 132 parts of Dr. Mur- 
ray's strongest lime, that is the hydrate^' 
lave recLuired jto produce the same aHhi^ 
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Hne effect If we ig^te nitrste of baiytes, 
we obtain, as is well known, a perfectly 
diy barytes, or protoxide of barium ; but 
if we i^te crystallized barytes, we ob- 
tain the same alkaline earth combined 
with a prime equivalent of water. I'hese 
two different states of barytes were de- 
monstrated by M. BerthoUet in an- excel- 
lent paper publislLed in the 2d volume of 
the Sfemoires D'Arcueil, so lar back as 
1809. '* The first barytes," (that from 
eiystallized barytes), ^ays he, *< presents 
all the characters of a combination ; it is 
engaged with a substance which dindni»h- 
ea its action on other bodies, which ren- 
ders it more fusible, and which g^ves it by 
fusion the appearance of glass. This sub- 
stance is nothing else but water ; but in 
fact, by adding a little water to the second 
barytes (that &om ignited nitrate), and by 
urging it at the fire, we give it the pro* 
perties of the first." Page 47. 100 parts 
of barytes void of hydrogen, or dry bary- 
tes, neutralize 28^ of dry carbonic acid« 
Whereas 111 J parts of the hydrate, or 
what Dr. Murray has styled the most en- 
eM;«tic, are required to produce the same 
effect. In fact, it is not hydrogen which 
combines with the pure barytic earth, but 
hydrogen and oxygen in the state of wa- 
ter. The proof of this is, that when car- 
bonic acid and that hydrate unite, the ex- 
act quantity of water is disengaged. The 
protoxide of barium, or pure barytes, has 
never been combined with hydrogen by 
any chemist.* 

Alkali (Phlo&isticated, or PaussiAw.) 
When a fixed alkali is ipiited with bul- 
lock's blood, or other animal substances, 
and lixiviated, it is found to be in a great 
measure saturated with the prussic acid : 
from the theories formerly adopted re- 
specting this combination, it was distin- 
guished by the name of phlogisticated al- 
kali. See Acm (Prussic.) 

Alkali (Volatile.) See AmioinFA. 

* Alkalimster. The name first given 
by M. Descroizilles- to an instrument or 
measure of his graduation, for determining 
the quantity of alkali in commercial pot- 
ash and soda, by the quantity of dilute sul- 
phuric acid of a known strength which a 
certain weight of them could neutralize. 
His method was unnecessarily operose. 
A much simpler, and very accurate mode, 
was exhibited by Dr. Ure before the li- 
nen Board of Dublin in June 1816, and 
soon afterwards submitted ia manuscript 
to Dr. Henry, who has since then expung- 
ed the description of M. Descroizilles' al- 
kalimeter from his valuable elements, and 
substituted one on Dr. Ure's principle 
More recently Dr. Ure has been occupied 
in completing the arrangement of an in- 
strument for giving increased facility and 
dispatch to chemical analysis in geneinl. 



It will appf^ to alkalis^ acids, eutfi^ me- 
tals, Sec. He hopes to be able, very soon, 
to submit its construction and performance 
to the tribunal of the public. Meanwhile 
directions will be given in thia work under 
the individual alkuis, for ascertwrnng the 
quality of commerciid specimens.* 

Alkavst.. llie alkanet plant is a kind 
of bugloss, which is a native of the warm- 
er parts of Europe, and cultivated in some 
of our g^ardens. The greatest quantities 
are raised in Germany and France, parti- 
cularly about Mont^elies,. whence we are 
chiefly supplied with the roots. These- 
are of a superior quality to such as are- 
raised in England.. This root imparts aa 
elegant deep red colour to pure alcohol, 
to oils, to wax, and to all unctuous sub- 
stances. The aqueous tincture is of a dull 
brownish colour ; as is likewise the spiri- 
tuous tincture when inspissated to the con- 
sistence of an extraet. The principal use 
of alkanet root is, that of colouring oils;,, 
unguents, and lip-salves. Wax tinged with 
it, and applied on warm marble, stains it 
of a flesh colour, which sinks deep into 
the stone ; as the spirituous tincture g^vea 
it a deep red stain, j 

As the colour of tihis root is confined to 
the bark, and the small foots have more 
bark ia proportion to their bulk than the 
great ones, these also afford most colour. 

* Allahite. a mineral first recognized 
as a distinct species by Mr. Allan, c^Edin- 
burgh, to whose accurate knowledge, and 
splendid collection, the science of mine- 
ralogy has been so much indebted in Scot- 
land. Its analysis and description, by Dr. 
Thomson, were published in ^e 6th vo- 
lume of the Edinburgh Ph. Trans. M. 
Giesecke found it in a granite rock in 
West Greenland. It is massive and of a 
brownish black colour. External lustre, 
dull ; internal, shining and resinous — frac- 
ture small conchoidal— opaque^greenish 
gray streak — scratches glass and horn- 
blende — bottle — spec. 'g^av. 3.5 to 4.O.. 
Froths and melts impe&ctly before the 

f On making aninfu»on of alkanet roots 
in alcohol, I was suiprised to find the co- 
lour a deep blue, instead of being^red. 
Remembenng tiiatthe alcohol' had stood 
over an alkali, I added some acid to the 
blue infusion. It became instantly red; 
and the same colour appeared to be pro- 
duced originally, when the roots were 
steeped in pure alcohol. I am surprised, 
that I have not met with any account of 
habitudes so interesting, and which ac- 
quire additional value, when contrasted 
with thQ$e of litmus aiid other vegetable 
colours, ori^nally blue. These, redden- 
ed by an acid, are restored by an alkali ; 
while alkanet,' made blue by alkalis, ia 
restored by acids. 
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lilow-pipe, into a black scoria. It coii- 
sists in 100 parts, of silica 35.4, oside of 
•cerium 33.9, oxide of iron 25.4^ lime 9.2, 
alumina 4. 1, and moisture 4.0. It has been 
also found crystallized in four, six, or eight- 
aided prisms. It closely resembles gado- 
linite, but may be distinguished, from the 
thin fragments of the latter being trans- 
lacent on the edges, and of a fine green 
colour, whereas those of the former are 
commonly opaque and of a yellowish 
brown. The ores of cerium analyzed by 
Berzelius, under the name of cerin, ap- 
proach very closely in their composition 
to allanite** 

* Allochboits. a massive opaque mi* 
neral of a grayish, yellowish, or reddish 
colour. Quartz scratches it, but it strikes 
fire with steel. It has externally, a glis- 
tening, and internally, a glimmering lustre. 
Its fracture is uneven, and its fragments 
are translucent on the edges : sp. gr. 3.5 
to 3.6. It melts before the blow-pipe into 
a black opaque enamel. Vauquelin's ana- 
lysis is the following : Silica 3$, lime 30.5, 
oxide of iron 17, alumina 8, carbonate of 
lime 6^ oxide of manganese 3.5. M. Brong- 
niart says it is absolutely infusible without 
addition, and that it requires a flux as 
phosphate of soda or ammonia. With 
these it passes through a beautiful grada- 
tion of colours. It is covered at first with 
a species of enamel, which becomes on 
cooling reddish yellow, then greenish, and 
lastly of a dirty yellowish white. He re- 
presents it as pretty difficult to break. It 
was found by M. Dandrada in the iron 
nine of Yirums, near Drammen in Norway, 
it is accompanied by carbonate of lime, 
protoxide of iron, and sometimes brown 
garnets.* 

* AsuvHiwa. A mineral of a blue, and 
sometimes a green or brown colour, which 
occurs massive, or in imitative shapes. 
Lustre vitreous; fracture imperfectly con- 
choidal; transparent or translucent on the 
tdges* Moderately hard, but very brittle. 
Sp. 1^. 1.89. Composition, silica 21.92, 
alumina 32.2, lime 0.73, sulphate of lime 
0.52, carbonate of copper 3.06, hydrate of 
iron 0.27, water 41.3. Siromeyer, It ge- 
latiniaes in acids : It is found in a bed of 
ironshot limestone in graywacke slate, in 
the forest of Thuringia. it was called Rie- 
mannite.* 

AlIwLt, or At&oT. Where any precious 
metsd is mixed with another of less value, 
the assayers call the latter the alloy, and 
do not in general consider it in any other 
point of view than as debasing or dimi- 
nishing the value of the precio!is metal. 
Philosophical chemists have availed them- 
selves of this term to distingfuish all metal- 
lic compounds in general. Thus brass is 
called an alloy of eopper and zinc ; bell 
metal an alloy of copper and tin. 



• Every alloy is distinguished by the 
metal which predominates in its composi- 
tion, or which gives it its value. Thus 
English jewellery trinkets are ranked un- 
der alloys of gold, though most of them 
deserve to be placed under the l^ead of 
copper. When mercury is one of the com- 
ponent metals, the alloy is called amalgam. 
Thus we have an amalgam of gold, silver, 
tin, &c. Since there are about 30 differ- 
ent permanent metals, independent of 
those evanescent ones that constitute the 
bases of the alkalis and earths, there ought 
to be about 870 different species of binary 
alloy. But only 132 species have been 
hitherto made and examined. Some me- 
tals have so little affinity for others, that 
as yet no compound of them has been ef- 
fected, whatever pains have been taken. 
Most of these obstacles to alloying, arise 
from the difference in fusibility and vola- 
tility. Yet a few metals whose melting 
point is nearly the same, refuse to unite. 
It is obvious that two bodies will not com- 
bine, unless their affinity or reciprocal at- 
traction, be stronger than the cohesive at- 
traction of their individual particles. To 
overcome this cohesion of the solid bo- 
dies, and render affinity predominant, they 
must bepenetrated by caloric. If one be 
very difficult of fusion, and the other very 
volatile, they will not unite unless the re- 
ciprocal attraction be exceedingly strong. 
But if their degree of fusibility be almost 
the same, they are easily placed in the cir- 
cumstances most favourable for making an 
alloy. If we are therefore far from know- 
ing 1^ the binary alloys which are posn- 
ble, we are still further removed from 
knowing all the triple, quadruple, &c. 
which may exist. It must be confessed, 
moreover, that this department of chemis- 
try has been imperfectly cultivated. 

Besides, aUoys^are not, as far as we 
know, definitely regulated like oxides in 
the proportions of their component parts. 
100 parts of mercury will combine with 4^ 
or 8, parts of oxygen, to form two distinct 
oxides, the black and the red ; but with 
no greater, less, or intermediate propor- 
tions. But 100 parts of mercury will unite 
with 1, 2, 3, or with any quantity up to a 
100 or 1000, of tin or lead. The alloys 
have the closest relations in their physical 
properties with the metals. They are all 
solid at the temperature of the atmosphere, 
except some amalgams; they possess me- 
tallic lustre, even when reduced to a coarse 
powder; are completely opaque« and more 
or less dense, according to the metals 
which compose them; are excellent con- 
ductors of electricity; crystallize more or 
less perfectly; some are brittle, others 
ductile and malleable; some have a pecu- 
liar odour; several are very sonorous and 
elastic. When an alloy consists of metals 
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/B^erently fusible, it is usually malleable 
while cold, but brittle while hot; as is ex- 
emplified in brass. 

The density of an alloy is sometimes 
greater, sometimes less than the mean 
density of its components, showings that, 
at the instant of their union, a diminution, 
or augmentation of volume takes place. 
The retalion between the expansion of the 
separate metals, and that of their alloys, 
has been investigated only in a very few 
cases. Alloys containing: a volatile metal 
are decomposed, in whole or in part, at a 
strong heat. This happens with those of 
arsenic, mercuiy, teuurium and zinc. 
Those that consist of two differently fusi- 
ble metals, may often be decomposed, by 
exposing them to a temperature capable 
of melting only one of them. This opera- 
tion is called eliquation. It is practised 
on the great scale to extract silver from 
copper. The argentiferous copner is melt- 
ed with 3^ times its weight or lead ; and 
the triple alloy is exposed to a sufficient 
heat. The lead carries off the silver in 
its fusion, and leaves the copper under 
the form of a spongy lump. The silver is 
afterwards recovered from the lead by 
another operation. 

Some alloys oxidize more readily by 
heat and air, than when the metals are se- 
parately treated. Thus 3 of lead, and 1 
of tin, at a duU red, burn visibly, and are 
almost instantly oxidized. Each by itself 
in the same circumstances, would oxidize 
slowly, and without the disengagement of 
light. 

The formation of an alloy must be regu- 
lated by the nature of the particular me- 
tals; to which therefore we refer. 

The degree of affinity between metals 
may be in some measure estimated by the 
greater or less facility with which, when 
of different degrees of fusibility or vola- 
tility, *hey unite, or with which they can 
after union be separated by heat. The 
greater or less tendency to separate into 
different proportional alloys, by long con- 
tinued fusion, may also give some informa- 
tion on this subject. Mr. Hatchett re- 
marked, in his admirable researches on 
metallic alloys, that gold made standard 
with the usual precautions by silver, cop- 
per, lead, antimony, &c. and then cast in- 
to vertical bars, was by no means a uni- 
form compound ; but that the top of the 
bar, corresponding to the metal at the bot- 
tom of the crucible, contuned the larger 
proportion of gold. Hence, for thorough 
combination, two red-hot crucibles should 
be employed; and the liquefied metals 
should be alternately poured from the one 
into the other. And to prevent unneces- 
sary oxidizement by exposure to air, the 
cmcibles should contain, besides the me- 
tal, a mixture of common salt and pound- 



ed charcoal. The melted alloy should al« 
so be occasionally stirred up with a rod of 
pottery. 

The most direct evidence of a chemical 
change having taken place in the two me* 
tals by combination, is when the alloy 
melts at a much lower temperature thaii 
the fusing points of its components. Iron 
which is nearly infusible, when alloyed 
with gold, acquires almost the fusibility 
of this metal. Tin and lead form solder, 
an alloy more fusible than either of its 
components ; but the triple compound of 
tin, lead, and bismuth, is most remarkable 
on this account. The analogy is here 
strong, with the increase or solubility^ 
which salts acquits by mixture, as is exem- 
plified in the uncrystallizable residue of 
saline solutions, or mother waters, as tiiey 
are called. Sometimes two metals will 
not directiy unite, which yet, by the in- 
tervention of a third, arenwde to com^ 
bine. This happens with mercury and 
iron, as has been shown by Messrs. Aikin, 
who effected this difficult amalgamation 
b^ previously uniting the iron to tin or 
zmcr 

The tenacity of alloys is generally, 
though not always, inferior to the mean of 
the separate metals. One part af lead 
will destroy the compactness and tenacity 
of a thousand of gold. Brass, made with 
a small proportion of zinc, is more ductile 
than copper itself; but when one-third of 
zinc enters into its composition! it be» 
comes brittle. 

In common cases, the specific gravity 
affords a g^od criterion whereby to judge 
of the proportion' in an alloy, consisting 
of two metals of different densities. But 
a very fallacious rule has been given in 
some respectable works, for comparing 
the specific gravity that should result from 

fiven quantities of two metals of known 
ensities alloyed together, supposing no 
chemical penetration or expansion or vo- 
lume to take place. Thus it has been 
taught, that if gold and copper be united 
in equal weights, the computed or mathe- 
' matical specific gravity of^ the allo^ is the 
arithmetical mean of l^e two specific gra- 
vities. This error was pointed out by me 
in a paper published in the 7th number of 
the Journal of Science and the Arts ; and 
the correct rule was at the same time 
given. The details belong to the article 
Specific Gravity; but the rule merits a 
place here. The specific gravity of the 
alloy is found by dividing the sum of the 
weights by the sum of the volumes, com-i 
pared to water, reckoned unity. Or in 
another form, the rule may be stated thus : 
Multiply the sum of the weights into the 
product of the two specific gravities for a 
numerator, and multiply each specific 
gravity into the weight of the other body^ 
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Md add the two products together for a 
denominator. The quotient obtained by 
dividing the numerator by the denomina- 
tor, is the true computed mean specific 
gravity; and that found by experiment, 
being compared with it, will shew whe- 
ther expansion or condensation of volume 
has attended the chemical combination. 
Gold having a specific gMivity of 19.36, 
and copper of 8.87, being alloyed in 
equal weights, give on the fallacious rule 
of the arithmetical meui of the densities, 

19.36+8.87 ,,,, . ^, 

. * ■ '»■ •* 14.11; whereas the 

lightly calculated mean specific gravity is 
only 12.16. It is evident that by compar- 
ing the former number with chemical ex- 
periment, we should be led to infer a pro- 
digious condensation of volume beyond 
what really occurs. 

A circumstance was observed by Mr.- 
Hatchett to inftuence the dennty of me- 
tals, which a priori might be thought un- 
important. When a bar of gold was cast 
in a vertical position, the density of the 
metal at the lower end of the bar was 
greater than that of the top, in the pro- 
portion of 17.364 to 17.035. Are we to 
infer that melted metal is a compressible 
fluid, or rather, that particles passing in- 
to the solid state under pressure, exert 
their cohesive attraction with adventitious 
strength f Under the title meidly a tabular 
view of metallic combinations will be 
found, and under that of the particular 
metal, the requisite iofbrmation about its 
alloys. 

Ai.t.irviAL FoRXATToirs, in ^ology, are 
recent deposit^ in valleys or in pisuns, of 
the detriiiti of the neighbouring moun- 
tains. Gravel, loam, clay, sand, brown 
coal, wood coal, bog iron ore, and cale 
tuflf, compose the alluvial deposite$. The 
grraveland sand sometimes contsuu gold 
and tin, if the ores exist in tiie adjoining 
mountains. Petrified wood and animal 
skeletons are found in the alluvial clays 
and sand.* 

AlkOtss. Almonds consist chiefiy of 
an oil of the nature of fat oils, together 
with farinaceous matter. Tlie oil is so 
plentiful, and so loosely combined or mix- 
ed with the other principles, that it is ob- 
tained by simple pressure, and part of it 
may be squeezed out with the fingers. 
Five pounds and a half have yielded one 
poondsix ounces of oil by cold expression, 
and three quarters of a pound more on 
heating them. There are two kinds of 
almonds, the sweet and bitter. The bit- 
ter almonds yield an oil as tasteless as that 
of the other, all the bitter matter remain- 
ijHg in the cake after the expression. 
Great part of the bitter matter dissolves 
by ^gestion» both in watery and spirituous 



liquors ; and part arises with both in dis- 
tillation. Rember obtained from thenv 
l-3d of watery extract, and 3-32ds of spiri- 
tuous. Bitter almonds are poisonous te 
birds, and to some animals. A water dis- 
tilled from them, when made of a certain • 
degree of strength, has been found from 
experiment to he poisonous to brutes; 
and there are instances of cordial spirits 
impregnated with them being poisonous 
to men. It seems, indeed, that the vege- 
table principle of bitterness in almonds 
and the kernels of other fruits, is destruc- 
tive to animal life, when separated by dis- 
tillation from the oil and farinaceous mat- 
ter. The distilled water from laurel leaves 
appears to be of this nature, and its poi- 
sonous effects are well known. 

Sweet almonds are made into an emul- 
sion by trituration with water, which on 
standing separates a thick cream floating 
on the top. The emulsion may be cur- 
dled by heat, or the addition of alcohol or 
acids. The whey contains gum, extractive 
matter, and sugar, according to Professor 
Proust ; and the curd, when washed and 
dried, yields oil by expression, and after- 
wards by distillation the same products as 
cheese. The whey is a good diluent. 

• Prussic or hydrocyanic acid is the de- 
leterious ingrectient in bitter almonds. 
The best remedy after emetics is a com- 
bination of sulphate of iron with bicarbo- 
nate of potash.* 

Aloes. This is a bitter juice, extracted 
from the leaves of a plant of the same 
name. Three sorts of aloes are distin- 
guished in the shops by the names of 
aloe socotrina, aloe hepatica, and aloe 
eaballina. The first denomination, which 
is applied to the purest kind, is taken 
from the island of Zocotora ; the second, 
or next in quality, is called hepatica, from 
its liver colour; and the third, eaballina, 
from the use of this species being confined 
to horses. These kinds of aloes are said 
to difier only in purity, though, from the 
difference of their flavours, it is probable 
that they vasky be obtjuned in some in- 
stances from different species of the same 
plant. It is certain, however, that the dif- 
ferent kinds are all prepared at Morviedro 
in Spainiffrom the same leaves of the com- 
mon aloe. ' Deep incisions are made in the 
leaves, from which the juice is suffered 
to flow ; and this, after decantation from 
its sediment, and inspissation in the sun, 
is exposed to sale in leathern bags by the 
name of socotrine aloes. An additional 
quantity of juice is obtained by pressure 
m)m the leaves; and this, when decanted 
from its sediment and dried, is the hepatic 
aloes. And lastly, a portion of juice is 
obtained by strong pressure of the leaves, 
and is mixed with the dregs of the two 
preceding kinds to form. the caballine 
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iloei. The fint kind is laid to eontaiA 
much lew resin. The priDCipal characters 
cf good aloes are these : it must be glossy, 
not very black, but brown ; when rubbed 
or cutf of a yellow colour ; compact, but 
easy to break ; easily soluble ; of an un- 
pleasant peculiar smell, which cannot be 
describeo, and an extremely bitter taste. 
Aloes appears to be an intimate combi- 
nation of gummy resinous matter, so well 
blended together, that watery or spiri- 
tuous solvents, separately applied, dissolve 
the greater part of both. It is not deter- 
mined whetner there be any difference in 
the medical properties of these solutions. 
Both are purgative, as is likewise the aloes 
in substance ; and, if used too freely, are 
apt to prove heating, and produce hemor- 
xboidal complaints. 

* Braconnot imagines he has detected 
in aloes a peculiar principle, similar to the 
bitter ruitunu which Vauquelin has found 
in many febrifuge barks. The recent iuice 
«f the leaves absorbs oxygen, and be- 
comes a fine reddish purple pigment.* 

Alubel. The process of sublimation 
differs from distillation in the nature of its 
product, which, instead of becoming con- 
densed in a fluid, assumes the solid state, 
and the form of the receivers may of 
^urse be vety different. The receivers 
£br sublimates are of the nature of chim- 
neys, in which the elastic products are 
condensed, and adhere to their internal 
surface. It is evident that the head of an 
alembic will serve very well to receive 
and condense such sublimates as are not 
Tery volatile. The earlier chemists, whose 
notions of simplicity were not always the 
most perfect, thought proper to use a 
number of similar heads^ one above the 
other, communicating in succession by 
means of a perforation in the superior part 
of each, which received the neck of the 
capital immediately above it. These heads^ 
■differing in no respect from the usual 
heads of alembics, excepting in their hav- 
ing no nose or beak, and in the other cir- 
cumstances here mentioned, were called 
aludels. They are seldom now to be seen 
in chemical laboratories, because the op- 
erations of this art may be performed with 
greater simplicity of instruments, provi- 
ded attention be paid to the heat and 
other circumstances. 

* Alum. See ALtrxTirA, Sulphate of.* 

* Aluh-E^rth. a masMve mineral, of 
a blackish brown colour, a dull lustre, an 
earthy and somewhat slaty fracture, sec- 
tile, and rather soft. By lUaproth's analy- 
sis it contains, charcoal 19.65, silica 40» 
alumina 16, oxide of iron 6.4, sulphur 2.84, 
sulphates of lime and potash, each 1.5, sul- 
phate of iron 1.8, magnesia and muriate of 
potash 0.5, and water 10.75. 

* AX.VX-SLATI. 1. Common. This mine- 



ral oecun botli massive and in insulated 
baQs, of a grayish black colour, dull lus- 
tre, straight slaty fracture, tabular frag- 
ments, streak coloured like itself; though 
soft it is not very brittle. Effloresces^ ac- 
quiring the taste of alum. 

2. Glossy Alum-slate. A massive mine- 
ral of a bluish black colour. The rents 
display a variety of lively purple tints. It 
has a semi-metallic lustre in the fracture, 
which is straight, slaty, or undulating. 
There is a soft variety of it approaching 
in appearance to slate clay. By exposure 
to air, its thickness is prodigiously aug- 
mented by the formation of a saline efflo- 
rescence, which separates its thinnest 
pUtes. These sllerwards exfoliate in brit- 
tle sections, causing entire disintegration.* 
* Alvxiha. One of the primitive earths* 
which, as constituting the plastic princi- 
ple of all clays, loams and boles, was ci^ 
led argil or the argillaceous earth; but now, 
as being obtained in greatest purity from 
alum, is styled alumina. It was deemed 
elementary matter till Sir H. Davy's cele- 
brated electrochemical researches led to 
the belief of its being, like baiytes and 
Ume, a metallic oxide. 

The purest native alumina is found in 
the oriental gems, the sapphire and rubv. 
They consist of nothing but this earth* 
and a small portion of colouring matter. 
The native porcelain clays or kac^ina^ 
however white and soft, can never be re- 
garded as pure ahimina. They usually 
contain fully half their weight of silica, and 
frequently other earths. To obtain pure 
alumina we dissolve alum in 20 times iu 
weight of water, and add to it a little of 
the solution of carbonate qf soda, to throw 
down any iron which may be present. 
We then drop the supernatant liquid into 
a quantity of the water iif ammonia, tsking 
care not to add so much of the aluminous 
solution as will saturate the ammonia. 
The volatile alkali unites with the sul- 
phuric acid of the alum, and the earthy 
basis of the latter is separated in a white 
spon^ precipitate. This must be thrown 
on a filter, washed, or edulcorated as the 
old chemists expressed it, by repeated af- 
fusions of water, and then dried. Or if an 
alum, made with ammonia instead of potr 
asli, as is the case .with some French 
alums, can be got, simple ig^rition dissi- 
pates its acid and alkaline constituents, 
leaving pure alumina. 

Alumma prepared by the first process 
is white, pulverulent, soft to the touch, ad- 
heres to the tongue, forms a smooth paste 
without grittiness in the mouth, insipid, 
inodorous, produces no change in vege- 
table colours, insoluble in water, but mix- 
es witJi it readily in every proportion, 
and retains a small quantity with con- 
ttderable force; is infusible in the strong- 
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est heat of a furnace, experieneine mere* 
]y a condensation of volume and conse- 
quent hardness, but it is in small quanti- 
ties melted by the oxy-hydrogen blow- 
pipe. Its specific gravity is 2.000, in the 
state of powder, but by ignition it is au£^ 
mented. 

Every analogy leads to the belief that 
alumina contains a peculiar metal, which 
may be called alumuium. The first evi- 
dences obtained of this position are pre- 
sented in Sir H. Davy's researches. Iron 
neffatively electrified by a very high pow- 
er being fused in contact with pure alu- 
mina, formed a globule whiter than pure 
iron, which effervesced slowly in water, 
becoming covered with a white powder. 
The solution of this in muriatic acid, de- 
composed by an alkali, afforded alumina 
and oxide of iron. By passing potassium 
in vapour through alumina neated to 
whiteness, the greatest part of the potas- 
sium became converted mto potash, which 
formed a coherent mass with that part of 
the alumina not decompounded; and in 
this mass there were numerous g^y par- 
ticles, having the metallic lustre, and 
which becsune white when heated in the 
air, and which slowly effervesced in wa- 
ter. In a similar experiment made by the 
same illustrious chemist, a strong red 
heat only being applied to the alumma, a 
mass was obtauneo, which took fire spon- 
taneously by exposure to air, and which 
effervesced violently in water. This mass 
was probably an alloy of aluminum and 
potassium. The conversion of potassium 
mto its deutoxide, dry potash, by alumina, 
proves the presence of oxygen m the lat- 
ter. When regarded as an oxide, Sir H. 
Davy estimates its oxygen and basis to be 
to one another as 15 to 33; or as 10 to 32. 
The prime equivalent of alumina would 
thus appear to be 1.0 + 2.2 ^ 3.2. 

But Berzefius's analysis of sulphate of 
alumina seems to indicate 2.136 as the 
quantity of the earth which combines with 
5. of the acid. Hence aluminum wiO come 
to be represented by 2.136 — 1. = 1.136. 
But we shall presently show that his ana- 
lysis, both of alum and sulphate of alumi- 
na, may be reconciled to Sir. H. Davy's 
equivalent prime -» 3.2» That of alumi- 
num will become of course 2.2. 

Alumina which has lost its plasticity by 
ignition, recovers it by being dissolved in 
an acid or alkaline menstruum, and then 
precipitated. In this state it is called a 
nydrate, for when dried in a steam-heat it 
retains much water; and therefore re- 
sembles in composition wavellite, a beau- 
tiful mineral, consisting almost entirely of 
alumina, with about 28 per cent of water. 
Alumina is widely diffused in nature. It is 
a constituent of every soil, and of almost 
every rock. It is the basis of porcelain. 



pottery^ bricks, and cmdbles. Its aJSnitjr 
tor ve^table colouring matter, is made 
use of m the preparation of lakes, and la 
the arts of dyeing and calico printing. 
Native combinations of alumina, constitute 
the fuller's earth, ochres, boles, pipe<clays, 
&c.* 

• ALimiirA, (Salts of). 

These salts have the following general 
characters : 

1. Most of them are very soluble in wa- 
ter, and their solutions have a sweetish 
acerb taste. 

2. Ammonia throws down their earthy 
base, even though they have been previ- 
ously acidulated with muriatic acid. 

3. At a strong red heat they g^ve out a 
portion of their acid. 

4. Phosphate of ammonia gives a white 
precipitate. 

5. Uydriodate of potash produces a floo- 
culent precipitate of a white colour, pa88>> 
ing into a permanent yellow. 

6. They are not affected by oxalate of 
ammonia, tartaric acid, ferroprussiate of 
potash, or tincture of galls ; by the first 
two tests they are distinguished from 
y ttria, and by the last two from that earth 
and glucina. 

7» If bisulphate of potash be added to a 
solution of an aluminous salt, moderately 
concentrated, octahedral crystals of alum 
will form. 

Acetate of Alumina, By digesting airtm^ 
acetic acid on newly precipitated suumina^ 
this saline combination can be directly 
formed. Vinegar of ordinaiy stt^ngth 
scarcely acts on the earth. But the salt ia 
seldom made in this way. It is prepared 
in Targe quantities for the calico printers, 
by decomposing alum with acetate of lead ; 
or more economitally with aqueous ace- 
tate of lime, having a specific gravity of 
about 1.050 ; a gallon of which, equivalent 
to nearly half a pound avoirdupois of diy 
acetic acid, is employed for eveiy 2f lb; 
of alum. A sulphate of lime is formed by 
complex affinity, which precipitates, andl 
an acetate of alumina floats above. The 
above proportion of alum is much beyond 
the equivalent quantity ; and the specific 
gravity of the liquid is consequently raised 
by the excess of salt* It is usually 1.080. 
By careful evaporation capillary crystals- 
are formed, which readily deliquesce. M. 
Gay-Lussac made some curious observa- 
tions on the solutions of this salt Even 
when made with cold saturated solutions 
of alum and acetate of lead, and conse- 
quently but little concentrated, it be- 
comes turbid when heated to 122° Fahr.; 
and at a boiling heat a precipitate falls of 
about one-half of the whole salt. On cool- 
ing, it is redissolved. This decomposition 
by heat, which would be prejudicial to the 
calico printer, ia prevented by the exce« 
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^alilliis which 18 properly used in actual 
practice. If. Gay-Lossac thinks thia phe- 
jioroenon baa considerable analogy, with 
the coagulation of albumen by heat; the 
particles of the water, and of the solid matr 
ter, being carried by the heat out of their 
sphere of activity, separate. It is probably 
a subacetate which falls down, as well as 
that which is obtained by di^dng the crys- 
tals. Wenzel's analysis of acetate of alu- 
mina ^ves 73*81 acid to 26.19 base in 100 
parts. If we suppose it to consist, like the 
sulphate, of three primes of acid to two of 
alumina, we shall have for its equivalent 
proportions, 20 of dty acid4- 6*4 eartl^ 
or 7S,ti 4- 24.2 — 100. As alum contains, 
in round numbers, about 1.9th of earthy 
base, 8 oz. of real acetic acid present in 
the gallon of the redistilled pyrolignous, 
would require about 2 J lbs. of alum, for 
exact decomposition. The excess employ- 
ad is found to be useful. 

The affinity between the constituents 
of this salt is very feeble. Hence the at- 
traction of cotton fibre for alumina, aided 
by a moderate heat, is sufficient to decom- 
pose it. 

The following aalta of alumina are in- 
soluble in water: ->Arsemate, borate, phos- 
phate, tungstate, mellate, saclactate, lith- 
ate, malate, campborate. The oxalate is un- 
crystallizable. It consists of 56 acid and 
water, and 44 alumina. The tartrate does 
not crystallize^ But the tartrate of potash 
m>d alumina is remarkable, according to 
Themurd, for yielding no precipitate, 
either by alkalis or alkaline carbonates. 
The supergallate crystallizes. There 
seems to be no dry carbonate. A super- 
nitrate exists very difficult to crystallize^ 
Its specific gravity is 1.645. A moderate 
beat drives off the acid. The muriate is 
eaiuly made by digesting muriatic acid on 
gelatinous alumina. It is colourless, astrin- 
gent, deliquescent, uncrystallizable, red- 
dens turnsole^ and forms a ^^elatinous 
mass by evaporation. Alcohol dissolves at 
60» half its weight of this salt A dull red 
heat separates the acid from the alumina. 
Its composition isy according to Bucholz, 
29.8 acid, 30.0 base, 40.2 water, in 100 
parts. 

Sulphate ofalundna exists under several 
modifications. The simple sulphate is ea- 
sily made, by digesting sulphuric acid on 
pure clay. The salt thus formed crystalli- 
zes in thin soft plates, having a pearly lus- 
tre. It has an astringent taste, and is so 
soluble in water as to crystallize with dif- 
ficulty. When moderately heated the wa- 
ter escapes, and, at a higher temperature, 
the acid. Berzelius has chosen this salt 
for the purpose of determining the equi- 
valent of alumina. He considers the dry 
sulphate as a compound of 100 parts of 
sulphuric acid with 42.722 earth. Thia 



makea the equivalent 21.361, oxygeir be« 
ing reckoned 10, if we consider it a com- 
pound of a prime proportion of each. But 
if we regard it as consisting of 3 of acid 
and 2 of base, we ahall have 32.0 for the 
prime equivalent of alumina. The reason 
for preferring this number will appear in 
treating of the next salt.* 

* Alux. This important salt has been 
the object of innumerable researches, both 
with regard to its fabrication and compo- 
sition.* It is produced, but in a very small 
quantity, in the native state ; and this is 
mixed with heterogeneous matters. It ef- 
floresces in various forms upon ores dur- 
ing calcination, but it seldom occurs ciys- 
taUized^ The greater part of this salt is 
factitious, being extracted from various 
minerals called ahim ores^ such as, 1. Sul- 
phuretted clay. This constitutes the pu- 
rest of all aluminous ores, namely, that of 
la Tolfa, near Civita Vecchia, in Italy. It 
is white, compact, and as hard as indurat- 
ed clay, whence it is called ^/ra aiundna^ 
rh. It is tasteless and mealy ; one hun< 
dred parts of this ore contain above forty 
of sulphur and fifty of clay, a smaU quan- 
tity of potash, and a little iron. Bergmann 
says it contains forty-three of sulphur in 
one hundred, thirty-five of clay, and twen- 
ty two of siliceous earth. This ore is first 
torrefied to acidify the sulphur, which then 
acts on the clay, and forms tiie alum. 

2. The pjrritaceous clay, which is found 
at Schwemsal, in Saxony, at the depth of 
ten or twelve feet. It is a black and hard, 
but brittie substance, consisting of clay, 
pyrites, and bitumen. It is exposed to the 
air for two years ; by which means the py- 
rites are decomposed, and the alum is 
formed. The alum ores of Hesse and Liege 
are of this kind ; but they are first torre- 
fied, which is said to be a disadvantageous 
method. 

3. The schistus aluminaris contains a 
variable proportion of petroleum and p}-- 
rites intimately nnxed with it. When the 
last are in a very lar|;'e quantity, this ore 
is rejected as containing too much iron. 
Professor Bergmann very properly sug- 
gested, that by adding a proportion of 
clay, this ore may turn out advantageously 
for prroducing alum. But if the petrol be 
considerable, it must be torrefied. The 
mines of Becket in Normandy, and those 
of Whitby in Yorkshire, are of this spe- 
cies. 

4. Volcanic aluminous ore. Such is that 
of Solfaterra near Naplesf. It is in the form 
of a white saline earth, after it has ef- 
floresced in the air ; or else it is in a stony 
form. 

5. Bituminous alum ore is called shale, 
and is in the form of a shistus, impregnat- 
ed with so much oily matter, or bitumen, 
as to beinflammable. It ia found in Swe- 
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«fen, and also in the coal nuBet «t Wlike* 
baven, and elsewhere. 

Chaptal has fabricated alum on a large 
scale u-om its component parts. For this 
purpose he constructed a chamber 9 i feet 
long*, 48 wide, and 31 high in the middle. 
The walls are of common masonry, lined 
with a pretty thick coating of plaster. The 
floor is paved with bricks, bedded in a 
mixture of raw and burnt clay ; and this 
pavement is covered with another, tUb 
joints of which overiap those of the first, 
and instead of mortar the bricks are joined 
with a cement of equal parts of pitch, tur- 
pentine, and wax, which, after having been 
boiled till it ceases to swell, is used hot. 
I'he roof is of wood, but the beams are 
very close together, and grooved lene^. 
wise, the intermediate space being filled 
up by planks fitted into the grooves, so 
that the whole is put together without a 
nail. Lastly, the whole of the inside is 
•overed with three or four successive 
•oatings of the cement above mentioned, 
the first being laid on as hot as possible; 
and the outside of the wooden roof was 
varnished in the same manner. The purest 
and whitest clay being made into a paste 
with water, and formed into balls half a 
loot in diameter, these are calcined in a 
furnace, broken to pieces, and a stratum 
of the fragments laid on the floor. A due 
propKirtion of sulphur is then ignited in 
the chamber, in the same manner as for 
the fabrication of sulphuric acid ; and the 
fragments of burnt clay, imbibing this as 
it forms, begin after a few days to crack 
and open, and exhibit an effiorescence of 
sulphate of alumina. When the earth has 
completely effloresced, it is taken out of 
the chamber, exposed for some time in an 
open shed, that it may be the more inti- 
mately penetrated by the acid, and is then 
lixiviated and ctystallized in the usual 
manner. The cement answers the pur- 
pose of lead on this occasion very efrec- 
tually, and accordingly to M. Chaptal, 
costs no more than lead would at three 
ikrthingB a-pound. 

Curaudau has lately recommended a 
process for making alum without evapo- 
ration. One hundred parts of clay and five 
of muriate of soda are kneaded into a paste 
with water, and formed into loaves. With 
these a reverberatory furnace is filled, and 
a brisk fire is kept up for two hours. Be- 
ing powdered, and put into a sound cask, 
one -fourth of their weight of sulphuric 
acid is poured over them by degrees, 
stirring the mixture well at each addition. 
As soon as the muriatic gas is dissipated, 
aquaiit]tyx>f water equal to the acid is 
added, and the mixture stirred as before. 
When the heat is abated, a Kttle more wa- 
ter is poured in, and this is repeated till 
£ight or ten times as much water as thei;^ * 
Van. I'. {20] 



ITM acid is added. When the whole ha 
settled, the clear liquor is drawn off into 
leaden vessels, and a quantity of water 
equal to this liquor is poured on the sedi- 
ment. The two liquors being mixed, a 
solution of potash is added to them, the 
alkali in which is equal to one-fourth of 
the weight of the sulphuric acid. Sul- 
phate of potash may be used, but twice aa 
much of this as of the alkali is necessaiy. 
After a certain time the Uquor by coohng 
affords crystals of ahim equal to three 
times the weight of the acid used. It is 
refined by dissolving it in the smallest pos- 
sible quantity of boiling water. The re- 
sidue may be washed wnth more water, to 
be employed in hxiviating a fresh portion 
of the ingredients. 

As the mother water still coatains alum^ 
with sulphate of iron very much oxided, it 
is WeU adapted to the fabrication of prus« 
sian blue. This mode of making alum ia 
particulariy advantageous to the manufac- 
turers of Prussian blue, as they may calcine 
their clay at the same time with their ani* 
mal matters, without additional expense ; 
they will have no need in this case to add 
potash ; and the presence of iron, instead 
of being injurious, will be very usefUl. If 
they wished to make alum for sale, they 
might use the solution of sulphate erf* pot- 
ash, arising from the washing of their Prus- 
sian blue, instead of water, to dissolve 
the combination of alumina and sulphuric 
acid. 

The residuums of distillera ofaquafbrtia 
are applicable to the same purposes, as 
they contain the alumina and potash re- 
quisite, and only require to be reduced to 
powder, sprinkled with sulphuric acii!^ 
and lixiviated with water, in Uie manner 
directed above. The mother waters c£ 
these alums are also nsefiil in the fabrica- 
tion of Prussian blue. As the refflduum of 
aquafortis contains an over-proportion of 
potash, it will be found of advantage to 
add an eighth of its weight of clay caldn-. 
ed as above. 

* The most extensive alnm manufacto- 
ry in Great Britun is at Hurlett, near Paia^ 
ley, on the estate of the Earl of Glasgow. 
The next in ma^itude is at Whitby ; of 
whose state and processes an instructive 
account was published by Mr. Winter, in 
the 25th volume of Nicholson^s Journal. 
The stratum of aluminous schistus is about 
29 nules in width, and it is covered by 
strata of alluvial soil, sandstone, ironstone, 
shell, and clay. The alum sphist is gene- 
rally found disposed in horizontal laminx. 
The upper part of the rock is the most 
abundant in sulphur ; so that a cubic yard 
taken from the top of the stratum, is S 
times more valuable than the same bulk» 
100 feet below. 

IT a quantity of the schistus be laid in a 
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h^ tndnioiiteBed with i6« witesr» it wfl 
tAe fife tpontansoiMlY, and will continue 
to burn'tilj the whole tiifl«mm«ble matt^ 
he consumed. lu colour is bluish gny. 
Ito specific gravity is 2.48. It imparts a 
hituminous principle to alcohol* Fused 
Irith an alkali, muriatic acid preoipiutea 
a large proportion of riles. 

The expeqse of digging and removii^ 
to a distance of 3U0 >jirds one cubic yard 
^f the scfaistoie rock, is about sixpence^ 
hallipentty. A man caa earn fiK>m 3s. 6d. 
to 3s. a^daar. The rock, broken into smi^ 
pieces^ is laid on a boriaontal bed of fuel, 
composed of brushwood, &c. ^hen about 
4 feet in height of the rock is piled oi^ 
fire is set to the bottom, and fresh rock 
continually poured upoA the pile. This 
ia continued until the calcined heap be 
fiaiaod to the height of90or 100 feet Ita 
horizontal area has also been progresrire- 
ly extended at the same time, till it forms 
a great bed nearfy 200 ieet «|^iare, having 
about 100,000 yards of solid measurement. 
The rapidity of the combustion is idlayed 
by plastering up the crevices with small 
aehist moistened. Notwithstanding of this 
precaution, a |peat deal of sulphuric or 
sulphurous acid is disripated. 130 tons 
of caleined' schist produce on an average 
1 ton of akm. This result has been de- 
dttcedfirom aa avetage of 150,000 tons. 

The calcined mineral is digested in wa^ 
ter contained in pits that usually contain 
about 60 cubic yards. The liquid is drawn 
off* into cisterns, and afterwards pumped 
up again upon fresh calcined mine. This 
is repeated until the ^ecific gravity be- 
eomes i .15. The half exhausted schist is 
then covered with water, to take up the 
whole soluble matter. The strong hquor 
i» drawn off into settling cisterns, where 
the sulphate of limc» iron, and earth, are 
deporited. At some works the liquid is 
hotled^ which aids its purification. It is 
then run into leaden pans, 10 feet long, 4 
feet 9 inches wide, 2 feet 2 inches deep 
at the one end, and 2 feet 8 inches at the 
tikber. This slope makes them be easily 
emptied* Here the liquor is concentra- 
ted at a beiUng heat. Every morning the 
pans are emptied into a settling cistern, 
and a solution of muriate of potash, either 
psetty pure from the manufacturer, or 
crude and compoundfrom the soap-boiler, 
is added. The quantity of muriate neces- 
sasy is determined bjr a previous experi- 
ment in a basin, and is regfulaked for the 
workmen by the hydrometer. By this 
addition, the pan liquor, which had ac- 
quired a specmc gravity of 1.4 or U>, is 
reduced to 1.35. After being allowed to 
settle for two hours, it is run off into the 
coolers to be crystalUaed. At a f^ater 
sp. gravity than 1^5, the liquor« — ^"-^ 



of Cf^itaStaiag, would, when it eoob^ pre* 
sent us with a solid mi^a, resembling 
grease. Urine is occasionally added, to 
bring it down to the proper denrity. 

After standing 4 days, the mother wa- 
ters are drained off, to be pumped into the 
paiis on the succeeding day. The crys- 
tals of alum are washed in a tub, and drain- 
ed. They are then put into a lead pan, 
with as much water as will make a satu- 
riKed solution at the boiling point. When- 
ever this is effected, the solution is run off 
into casks. At the end cmT 10 or 16 days, 
the casks are unhooped and taken asun* 
der. The alum is found exteriorily in a 
solid cake, but in the interior cavity, in 
large pyramidal crystal^ consisting of oc- 
tahedrons, inserted suocesstvely into one 
another. This last process is called roch« 
ing. Mr. \V inter says, that 22 tons of mu- 
riate of potash will produce 100 tons of 
alum, to which 31 tons of the black ashea 
of the soap-boiler, or 7o of kelp, are eqiu- 
valent. Where much iron exists in the 
alum ore, the alkaline muriate, by its de- 
composition, gives birth to an uncryttalli- 
zable muriate of iron. The alum manu- 
factured in the preceding mode is a super- 
sulphate of alumina and potash. There ia 
another alum which exactly resembles it» 
This is a supersulphate of alumina and am« 
monia. Both crystallize in regular octahe- 
drons, formed by two four-sided pyramids 
joined base to base. Alum has an astrin- 
gent sweetish taste. lt» sp. gravity is 
about Ul. It reddens the vegetable 
blues. It is soluble in 16 parts of water 
at eo^andinfthsof its we4rhtat212.'> It 
effloresces superficially on exposure ta 
ur, but the interior remains foiig unchan^ 
ed. Its water of crystallization is suffi- 
cient at a gentle heat tu fuse it. If the 
heat be increased it frodis up, and losea 
fully 45 per cent, of its weigm in water. 
The spongy reridue is called burnt or oid- 
cined alum, and is used by surgeons as a 
mild escharotic. A violent heat separatea 
a great portion of its acid. 

Alum thus Was analyzed by Berzelins: 
1st, 20 parts (grammes) of pure alum lost 
b^ the heat of a spirit lamp 9 parts, which 
gives 45 per cent, of water. The dry salt 
was dissolved in water, and its acid preci- 
pitated by nmriate of barytes; the sul- 
phate of which, obtained after ignition^ 
wenched 20 parts ; indicating in 100 parta 
34.3 of diy sulphuric acid. 2d, Ten parte 
of alum were dissolved in water, and di- 
gested with an excess of ammonia. Alu- 
mina, weU washed and burnt, equivalent 
to 10.67 per cent, was obtained. In ano- 
ther experiment, 10.86 per cent, resulted. 
3d, Ten parts of alum dissolved in water, 
were digested with carbonate of strontite^ 
till the earth waa completely separated^ 
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-Hie sulphate of potash, aft^r ignkioii, 

v«igfaed 1.815^ corresponding to 0.961 

potash, or in 100 parts to 9.81. 

Afatm, therefore, consists of 

Sulphuric acid, 34.33 

Alumina, 10.86 

Potaab, 9.81 

\(rater, 45.00 

100.00 
«r, Sulphate of ahimina, 36.85 
Sulphate of potash, 18.1 5 
Water, .... 45.00 

100.00 
Thenaid'sanatyms, Ann. de Chifnie,f«l. 
59. or Niohdsoo's Journal, vol. 18. coin- 
tides perfect^ with that of Berzehus in 
the product of sulphate of bary tea. From 
490 parts of alum, he obtained 490 of the 
ignited barytic sak $ but the alumina was 
in greater proportion, equal to 12.54 p^ 
cent, juid the sulphate of potash less^ or 
15.7 in 100 parta. 

Dr. Tlumison considem it as a com- 
pound of 3 atoms sulphate of alumina, 1 
atom aiilphaie of potash, and U3 atoms 
lirater,«s fellows: 

Sulphate of ahimtna, 36.70 
Sulphate of potash, 18.88 
Water, .... 44.42 

100.00 
But VauqaeUn, in lua last aialyns, fomd 
46.58 water ; and by Tfaenard's statement 
' ^ere ace indicated 34^3 dry add, 
7.14 potash, 
13.54 alumina* 
46.09 water, 

100.00 
It deserves to be remarked, that the 
analynsjof Psofessor Beraelius af^rees with 
IjuB auppeaition that alum contains^ 
4 solphitfic acid, - 20.0 34.^ 
Sahtmina, — 6.4 11.00 

1 potash, « 6.0 10.30 

S3 water, * 25.8 44.34 

58.2 100.00 
If wc vecttiy Yauquelin's erroneous esti- 
mate of the sulphate of baiytes^ his analy^ 
sis will also coincide with t le above. 
Alum, therefore, differs from the nmple 
sulphate of alumina pteviiMisly described, 
which ocmsisted of 3 prime equivalents of 
acid, and 2 of earth, merely by its sssiimp- 
tion of a prime of sulphate of potash. It 
is probable that all the aluminous salts 
have a.aimilar constitution. It is to be ob* 
served, moreover, that the number 34.56 
resulting irom the theoretic proportions, 
is, according to Gilbert's remarks on the 
essay of Berzelius, the just representatioe 
ef the dry acid in 100 of sulphato of baiy- 



tea, by a eorrected analysis, which mdtaei 
the prime of barytes 9.57. 
^otild ammonia be suspected in alum, 
it mty be detected, and its quantity esti- 
mated, bjj mixing quicklime with Ae sa- 
line soludon, and exposing the mixture to 
heat in a retort, connected with a Woulfe^ 
Apparatus. The water of ammonia being 
afterwards saturated with an acid, and 
evaporafted to a dry salt, will indicate thh 
quMitity of pure ammonia in the alum. A 
variety of alum, containing both potash 
and ammonia, may also be found. Tlua 
will occur where urine has been used, m 
well as muriate of potash, in its fabrica- 
tion. If any of these bisulphates of alu- 
atina and potash he acted on in a watery 
solution, by gelatilious alumina, a neutnu 
triple salt is formed, which precipitates i^ 
a nearly insoluble sute. 

When alum in powder is mixed with 
ih>ur or sugar, and calcined, it forms th6 
pyrophorus of Homberg. 

Mrw Winter first mentioned, that another 
variety of alnm can be made with aotla, in* 
stead of potash. This salt, which crystal- 
lizes in octahedrons, has been also made 
with pure muriate of soda, and bisulphate 
ef aluflitiia,at the hOioratcMy of Hurlett^ 
by Mr. W. Wilson, it is extremely diffi'- 
cttlt to form, and effloresces like the sul- 
phate of soda. 

The only injurious contunination of 
tinm is sulphate of iron. It is detected 
by fonopTussiste of potash. To get rid 
or it cheaply, M . Thenard recoimBeaded 
dissolving the alum in boilinff water, and 
agitatini^be solution with rods as it cools. 
The salt is thus reduced to a fine granular 
powder, which being washed two or thre^ 
times with ceM water, and drained, yielda 
a perfecHy pure alum. For a veiy advan- 
tageous mode of concentrating alum li- 
auofa, as well as those of other salts, on 
le great scale, see BviroaATfoir. 

Oxymuriate of alumina, or the chloride, 
has been proposed by Mr. Wilson of Dub- 
lin as preferable to solution of chl<»ine, 
for discharging the turkey-red dye. He 
pre|>ares it Dy adding to a solution of o^«> 
■Htriate of lime, at a sp. gravity of 1.060, 
a solution of alum of the sp. grav. 1.100^ 
as lonff as any precipitate falls, llie clear 
liquid IS to be drawn off from the precipi* 
tate, and kept in ck>se vessels. He says' 
that it does not injure tiie cloth, nor annoy 
the the workmen, like the liquor of un* 
combined chlorine.— -^^nn. of PhU, voL 
viii.* 

Alum is used in large quantities in many 
manufactories. When added to tallow, it 
renders it harder. Printers cusliions, and 
the blocks used in the calico manufactoiy, 
are rubbed with burnt ahim to remove any 
greasiness, which might prevent the ink 
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4r colour from sticking. Wood lofllcieiit- 
\y soaked in a solution of alum does not 
Msily take fire ; and the same is true of 
paper impregnated with it, which is fitter 
to keep gunpowder, as it also excludes^ 
moisture. Paper impregnated with alum 
is useful in whitening silver, and silvering 
brass without heat Alum mixed in milk 
helps the separation of its butter. If add- 
•d in a very small quantit;y to turbid wa^ 
ter, in a few minutes it renders it perfect- 
ly limpid, without any bad taste or quali- 
1^ i while the sulphuric acid imparts to it 
a very sensible acidity, and does not pre- 
•ipitate so soon, or so well, the opaque 
•arthy mixtures that render it turbid, as 1 
bare often tried. It is used in making 
p}rophoruB, in tanning and many other 
manufiictories, particubirly in the art of 
dyeing, in which it is of the greatest and 
most important use, by cleansing and 
o|iening the pores on the surface of the 
substance to be dyed, rendering it fit for 
receiving the colouring particles, (by 
which the alum is generally decompo- 
sed,) and at the same time making the co- 
lour fixed. Crayons generally consist of 
the earth of alum, finely powdered, and 
tinged for the purpose. In medicine it is 
•mployed as an astringent. 

* AiuMixiTs. A mineral of a snow- 
white colour, dull, opaque, and having a 
fine earthy fracture. It has a glistemng 
■treak. It is found in kidney-shaped pieces, 
which are soft to the touch, and ad- 
here slightly to the tongue. Sp. gravi^, 
1.67. 

It consists of Sulphuric acid, 19.25 
Alumina, 3250 

Water, 47.00 

Silica, lime, and oxide of iron, 1 .25 

100.00 

It may be represented very exactly by 

2 prunes of acid, 10 — 20 

5 alumina, 16 «. 32 

21 water, 23.6 « 47.2 

Foreign matter, 0.4 «. 0.8 

50.0 100.0 
The conversion of the above into alum 
is easily explained. When the threes 
primes composing bisulpbate of potash 
come into play, they displace precisely 
three primes (or atoms) of alumina. Two 
additional primes of water are also intra, 
duced at the same time, by the strong af- 
finity of the bisulphate for the particles of 
that liquid. 

The above alum ore is found chiefly 
in the alluvial strata round Halle in Sax- 
ony.* 

* Amadou. It is a variety of the boletu$ 
igniariia, found on old ash and other trees. 
It is boiled in water to extract its soluble 
parts^ then dried, and beat with a mali^et 



to loosen its texture. It has now die ap- 
pearance of ver>' spongy doe-skin leather. 
It is lastly impregnated with a solution of 
nitre^ and dried when it is called spunk, 
or German tinder ; a substance much used 
on tlie continent for lighting fire, either 
ii«m the collision of flint and steel, or from 
the ^dden condensation of air in the at* 
mospheric pyrophorus.* 

Am ALSAM This name is applied to the 
combinations of mercury with other me» 
taUic substances, iiee Msnoumr. 

Ambsb is a hard, brittle, tasteJess sub- 
stance, sometimes perfectly transparent^ 
but mostly semi-transparent or opaque, 
and of a gloa^ surface : it is fouiid €»f all 
colours, but chiefly yeiiow or orange, and 
of len contains leaves or insects ; its speci- 
fic gravity is from 1.065 to l.lOo ; iu frac- 
ture is even, smooth, and glossy ; it is ca. 
pabie of a fine polish, and becomes elec- 
tric by Motion i when rubbed or heated, 
it gives a peculiar agreeable smell, par- 
ticularly when it melts, that is at 55U^ of 
Fahrenheit, but it then lo«e» its transpa*^ 
rency; projected on burning coals, it 
bums with a whitish flame, and a whitirii 
yellow smoke, but gives veiy little aoot, 
and leaves brownish ashes j it is-insoluble 
in water and alcohol, thougii the latter, 
when highljr rectified, extracta a reddish 
colour from it ; but it is soluble in the sul- 
phuric acid, which then acquires a reddish 
purple colour, and is precipitable &om it 
by water; no otlier acid dusolves it, nor 
is it soluble in essential or ezpiessed oils^ 
without some decomposition and long di- 
gestion; but pure alkali dissolves it. By 
distillation it afibrde a small quantity at 
water, with a little acetous acid, an oil, 
and a peculiar aeid. See Acin (Succi« 
vie). The oil rises at first colourleas; 
but, as the heat increases, becomes brown, 
thick, and empyreumatic. The oil may 
be rectified by successive distillations, or 
it may be obtained very light and lim- 
pid at once, if it be put into a glass alem- 
bic with water, as the elder RoueUe di- 
rects, and distilled at a heat not gfreater 
than 212<' Fahr. It requires to be kept 
in stone bottles, however, to retain ^is 
state ; for in glass vessels it beeomes 
brown by the action of light. 

Ambw is met with plentifully in regfu- 
lar mines in some parts of Prussia. The 
upper surface is composed of sand, under 
which is a stratum of loam, and under this 
a bed of wood, partly entire, but chiefly 
mouldered or changed into a bttuminous 
substanoe. Under the wood is a stratum 
of sulphuric or rather aluminous mineral, 
in which the amber is found. Strong sul- 
phureous exhalations are often perceived 
m the pits. 

* I>etaohed pieces are also found occa- 
fiionally on the sea-coast in Tvioiv Goua^ 
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Iries. tt has been found in gravel be^ 
near London, fn the Royal Cabinet at 
Berlin there is a mass of 18 lbs. weight, 
supposed to be the largest ever found. 
Jussieu anserts, that the delicate insects in 
aoiber» which pruve the tranquilUty of its 
formation, are not European. M. Hauy 
has pointed out the following distinctions 
between mellite and copa£ the bodies 
which most closely resemble amber. Mel- 
lite is iniusible by heat. A bit of copal 
heated at the end of a knife Ukes fire, 
melting into drops, which flatten as they 
iall; wheress amber burns with spitting 
snd frothing; and when its liquefied par- 
ticles drop, they rebound irom the plane 
which receives them. The origin of am- 
ber is at present involved in perfect ob- 
scurity, though the rapid progress of ve- 
getable chemistiy promises soon to -throw 
hght on it. Various frauds are practised 
"^ith this substance. Neumann states as 
the common practices of workmen the two 
following: I'he one consists in surround- 
ing the amber with sand in an iron pot, 
and cementing it with a gradual fire for 
forty hoars, some small pieces placed near 
the sides of the vessel being occasionally 
taken out for judging of the effect of the 
operation : the second method, which he 
says is that most ^oerally practised, is by 
digesting .and bmling the amber about 
twenty hoiffs with rapcseed oil, by which 
it is rendered both dear and hard. 

* Wemer has divided it into two sub- 
species, the white and the yellow; but 
there is little advantage in the distinction. 
Its ultimate constituents are the same with 
those of v^^table bodies in general ; viz. 
carbon, hydrogen, and oxygen; but the 
proportions have not been ascertained. 

In the second volume of the Edinburgh 
Philosophical Journal, Dr. Brewster has 
given an account of some optical proper- 
ties of amber, from which he considers it 
established beyond a doubt that amber is 
an tndnrated vegetable jtdce s and that the 
traces of a regular structure, indicated by 
its action upon polarized light, are not the 
effect of the oixlinaiy laws of crystalliza- 
tion by which me//i»to has been formed, but 
are pat)dttced by the same causes which 
influence the mechanical condition of gum 
arabic, and other gums, which are known 
to be formed by the successive deposition 
and iodunUion of vegetable fluids.* 

Amber is also used in varnishes. See 
VARmsH, and Oil of Amber. 

AxBBaomis is found in the sea, near the 
coasteof various tropical countries; and 
has also been taken out of the intestines 
of the physeter macrocephalus, the sper- 
inaceti whale. As it has not been found 
in any whales but such as are dead or sick, 
its production is generally supposed to be 
owing to disease^ though some have a litt 



tie too peremptorily affirmed it to be the 
cause of the morbid affection. As no large 
piece has ever been found without a grea- 
ter or less quantity of tlie beaks of the se- 
pia Qctopodia, the common food of the 
spermaceti whale,interspersed throughout 
its substance, there can be little doubt of 
its originating in the intestines of the 
whale ; for if it were occasionally swallow- 
ed by it only, and then caused disease, it 
must much more frequently be found with- 
out these, when it is met with floating iu 
the sea, or thrown upon the shore. 

Ambergris is found of various sizes, ge- 
nerally in small fragments, but sometimes 
so large as to weigh near two hundred 
pounds. When taken from the whale, it is 
not so hard as it becomes afterward on ex- 
posure to the air. Its specific g^vity 
ranges from 780 to 926. If good, it ad- 
heres like wax to the edge of a knife with 
which it is scraped, retains the impression 
of the teeth or nails, and emita a fat odo- 
riferoiu liquid on being penetrated with a 
hot needle. It is generally brittle ; but» 
on rubbing it with the nail, it becomes 
smooth like hard soap. Its colour is either 
white, black, ash coloured, yellow, or 
blackish ; or it is variegated, namely, gray 
with black specks, or g^y with yellow 
specks. Ito smell is peculiar, and not easy 
to be counterfeited. At 144^ itmelta,and 
at 212*' is volatilized in the form of a white 
vapour. But, on a red-hot coal, it bumst 
and is entirely dissipated. Water has no 
action on it ; acids, except nitric, act fee* 
biy on it ; alkalis combine with it, and form 
a soap s ether and the volatile oils dissolve 
it ; so do the fixed oils, and also ammonia, 
when assisted by heat ; alcohol dissolves a 
portion of it, aiid is of great use in analy- 
zing it, by separating ita constituent parts. 
According to Bouillon la Grange, who has 
given the latest analysis of it, 3820 parts 
of ambergris consist of adipocere 2016 
parts, a resinous. substance 1167, benzoic 
acid 425, and coal 212. * But Bucholz 
could find no benzoic acid in it. Dr. Ure 
examined two different specimens with 
considerable attention. The one yielded 
benzoic acid, the other, equally genuine 
to all appearance, afforded none. See 
AniFOCERz and Intbstiital CoircsBTioir. 

An alcoholic solution of ambergris, add- 
ed in minute quantity to lavender water, 
tooth powder, hair powder, wash balls, 
&c. communicates its peculiar fragrance. 
Ita retail price being in London so nigh as 
a guinea per oz. leads to many adultera- 
tions. These consist of various mixtures 
of benzoin, labdanum, meal, &c. scented 
with musk. The greasy appearance and 
smell which heated ambe^is exhibits, af- 
ford good criteria, joined to ita soIubiUtj 
in hot ether and alcohol. * 

It has occaaionalfy been employed la 
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ne^iBe» bot its ate b now confiMd im 
tlie perfumer. Dr. Swedlaur took thir^ 
gnuns of it without perceiving %ny Benu- 
ble effect. A sailor, who took half an 
ounce of it, found it a good purgative. 

* AwBLTGOiriTB. A greeuish coloured 
mineral of different pale shades, marked 
on the surface with reddish and yellowish 
brown spots. It occurs massive and crys- 
tallized m oblique four-sided prisms. Lus- 
tre vitreous; cleavage parallel with the 
aides of an oblique four-sided prism of 
106» 1(/ and 77'' S(/; fracture uneven; 
fragments riiomboidal ; translucent ; hard- 
Bes8> as feldspar; brittle; sp. gr. 3.0. In- 
tumesces with the blow-pipe, and fuses 
with a reddiidi-yellow phosphorescence 
into a white enamel. It occurs in granite, 
along with g^een topaz and tourmaline. 
Bear Pinig in Sazonv. It seems to be a 
species of spodumene.* 

AMBTttTST, The amethyst is a gem of 
» violet colour, and great brilliancy, said 
to be as hard as the ruby or sapphire, 
fifom which it only differs in colour. This 
is called the oriental amethyst, and is very 
lare. When it inclines to the purple or 
fosy colour, it is more esteemed than 
when it is nearer to the blue. These ame- 
^ysts have the same figure, hardness, spe- 
dnc gravity, and other qualities, as the 
best sapphires or rubies, and come friim 
the same places, particularly from Persia, 
Arabia, Armenia, and the West Indies. 
The occidental amethysts are merely co- 
loured ciystals or quarts. See Quabtb 
and SiTPBiRB. 

Akiahivvb, Mountain Flax. See As- 



* Ammowta, called also Volatile Alkali. 
We sbaU first consider this substance in 
its purely scientiBc relations, and then de- 
tail its manufacture on the great scale, and 
its uses in the arts. There is a saline bo- 
dy, formerly brought from Egypt, where 
it was separated from soot by sublimation, 
Imt which is now made abundantly in Eu- 
rope, called sal ammoniac. From this 
salt, pure ammonia can be readily obtain- 
ed by the following process: Mix unslack- 
•d quicklime with its own weight of sd 
ammoniac, each in fine powder, and intro- 
duce them into a glass retort. Join to the 
beak of the retort, by a collar of caout- 
<^ouc, (a neck of an Indian rubber bottle 
soiswers well,) a glass tube about 18 inch- 
es long, Gontunin|^ pieces of ignited mu- 
riate m lime. This tube should lie in a 
botizimtal position, and its free end, pre- 
viously bent obliquely by the blow-pipe, 
^ould dip into diy mercury in a pneuma- 
tic trough. A slip of porous paper, as an 
additional precaution, may be tied round 
ftie tube, and kept moist with ether. If a 

Snde heat from a charcoal chauffer or 
sp be nam applied to tb« k€f^m ef Ike 



ratoft, « Ksseoas body wffl bubble up 
throogh the mocory. Fill « little glass 
tube, sealed at one ^id, with the gas, and 
tnnsfer it, closely stopped at the other 
end, into a bann contaimng water, if the 
water rise instantly and fill the whole tub^ 
the f^ is pure, and may be feceived lor 
examination. 

Ammonia is a transparent, cc^ourless^ 
and consequently invisible gas, possessed 
of elasticity, and the other mechanical 
properties oi the atmospheneal air. its 
specific gravity is an important dlaium in 
diemical researehes^ sad has been rather 
differently stated. Now, as no aeriform 
body is more easily obtained in « pate 
state than ammonia, ^s diversity among 
accurate experimentalists, shows the nice- 
ty of this stadcd operati<m. MJf . Ji^ot 
and Arago make it -m 0.59669 by experi- 
ment,andby cslculatioB from its element 
tary gases, they make it «<* (k594SS. Kir- 
wan savs, that 100 cubic in^es weigh 
18.16 gr. at 30 inches of bar. and 6l<» F.» 
which compared to sir reckoned S0.519, 
gives 0.59540. Sir H. Ssvy detonmaes 
Its density to be «• 0.590i, with whioh esd- 
mate the theoretic odeulstions of Dr. 
Prout, in tbe 6ch voiume of the Annals of 
Philosophy, agree. 

This gas has an eisceediagly pusgent 
saeU, well known by the old asne of ^i* 
rits of hartshoni. An animal pbinged inlo 
it 8pee<Bly dies* It extingHtsnes combus- 
tioii, but beii^ itself to a certain degree 
combustible, ue flsroe of a taper immers- 
ed in it, is enlarged before going out. It 
has a veiy acrid taste. Waiter condenses 
it very rapidly. The following vahiable 
table of its aqueous oombtaations has been 
given by Sir H. Davy. 

Sp. Gr, Ammon 

0.&rSO 33.50 

0.8875 29.25 

0.9000 26.00 

0.9054 25.87 

0.9166 22.07 

0.9255 19.54 

0.9326 17.52 

0.9385 14^.88 

0.9435 14.53 

0.9476 13.46 

0.9513 12.40 

0.9545 11.56 

0.9573 10^2 

0.9597 10.17 

0.9619 9.60 

0.9692 9.50 

Water is capable of dissolving easily 
about one4hird of its weight of ammonia* 
cal gfas, or 460 times its buft. Hence^ 
when placed in contact with a tube filled 
with this gas, water rushes into it with ex- 
plosive velocity. Probably the quantity of 
ammonia stated in the above tad»Ie is too 
hsghby sbont one per cent. 



J^. Gr. 


jSmmoma* 


Water. 


0.8750 


32.50 


67.50 


0.8875 


29.25 


70.75 


0.9000 


26.00 


74.00 


0.9054 


25.87 


74.63 


0.9166 


22.07 


77.9S 


0.9255 


19.54 


80.46 


0.9326 


17.52 


82.48 


0.9385 


14^.88 


«4.12 


0.9435 


14.53 


85.47 


0.9476 


13.46 


86J4 


0.9513 


12.40 


87.60 


0.9545 


11.56 


88.44 


0.9573 


10-82 


89.18 


0.9597 


10.17 


89.83 


0.9619 


9.60 


90.40 


0.9692 


9.50 


90.50 
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9f . ThoiMoii State!, in Im Sjriteni^ rciL 
id. pa|^ 29. *« Waterj by my tmls, is ca- 
pable of absorbinr 760 times its bulk of 
this gas ; while, in me mean time> the bulk 
of the liquid increases from 6 to 10. The 
spectiio g^vity of this solution is 0.90(^ 
which just accords with the increase of 
bulk." Correcting the first error where & 
is substituted for 9, a less excusable error 
comes to be examined. Taking the Bop- 
tor's own number for the specific gpsivity 
of the gas, it is evident that 780 times the 
▼olume, combined with water, would jrivc 
oeariy 36 by Weight of gss in 100 of the 
liquid. But in the very same page he 
lays, ** It follows, from the experiments of 
Davy, that a taiurmied solution of ammo* 
via IS composed of 74.53 water and 25.37 
ammonia.'' Henoe, if that be correct, a 
Uquid containing 36 per eent of ammonia 
is a maaifisst impossibility. In the very same 
page be gives Mr. Dalton's table, <* wbich* 
exmbits the quantity of ammonia contain- 
ed in aiaraontacal solutions of different 
specific g^vitics." In this table, opposite 
to the speeyic gravity 0.90 of the liquid 
ammonia^ such as he made in his own tri« 
als^ we luive 23.2, a &r different quantity 
from tke nunriier 36 equivalent to nis 780 
volmnes. Sk H. I>avy*a table differs very 
little from that of Ifr. IMHon, the tnith 
probably lying between them. It is cer- 
tain, indeed, tiiat 100 parts cf ammomacal 
water, sp. gr. 0.900, instead of containing^ 
36 parta, er 780 volumes, do not contain 
above 34 purts, or 530 volumes. Had 1>r. 
Thomsott consulted Sir H. Davy's Ele- 
ments 'of Chemical Philosophy, he would 
have found the following sUtement, p^ 
368. •* A.t the temperature of 50^, under 
a|nes8iix« equalto39.8 inches, water, I 
find, abflorba about 670 times its volume 
of gas, and becomes of specific gravity 
0.875." m the table of Sir H. Davy, oppo* 
ate 0.875, we have 33.5 per cent of am* 
noma. If any person wiH take the trouble 
of calculating, he will find that 670 inches 
^a gaa, of which 100 cubic inches weigh 
18 grs. in combining with one cubic inch 
of water weighing 353.5 jg^ns,form a so- 
ktioB that must contain just 33.3 per cent 
of the condensed gas. 

We thus perceive^ that liquid ammonia, 
as the aqueous compound is termed, may 
hke spirits be veiy accurately valued by 
its specific gravity. But it differs remarka- 
bly from alcoholic mixtures in this respect, 
that the strongest ammoniacal liquor, 
when it ia diluted with water, sufiTers no 
condensation of volume. The specific 
gravity of the dilute, is the mean of that 
of its components. Hence, having one 

{)oint accurately, we can compute aU be- 
ow it, by paying attention to the rule 
given un<fer Spbcipic Gravitt. To pro- 
cure aqueous ammonia» we may use either 



•r cotamon slill and refiigefsfcory or m 
Woulfe's apparatus. The latter should be 
preferred. Into a retort we put a mixture 
of two parts of sljsiked lime, and one part 
of pulverized sal ammoniac, and having 
connected the beak of the retort with the 
Woulfe's apparatus, containing pure war 
ter, we then disengage the ammonia, by 
the application of heat When gas ceases 
to be evolved, the addition of a Uttle hot 
water will renew its disengagement, and 
ensure complete decomposition oi the 
salt. Since sal ammoniac contains nearly } 
its weight of ammonia, ten pounds of it 
should yield by economical treatment, 3d 
pounds of liquid, whose specific gravity m 
0.950, which is as strong as the ordinary 
purposes of chemistry and medicine re- 
quire ; and it will form twice that quanti- 
ty, or 60 pounds of the common water of 
ammonia, sold by apothecaries, which has 
rarely a smaller density than 0.978 or 0«980. 
There is no temptation to make it with 
the ammoniacd carbonate ; but if this salt 
be accidentally present, it is instantly de- 
tected by its causing i^ miUdness in Iim« 
water. 

Ammoniacal gas, perfecdy diy, when 
mixed with oxygen, explodes with the 
electric spark, and is converted into water 
and nitrogen, as has been shown in an iii^ 
genious paper by Dr. Henry. But the 
simplest, and periiaps most accurate mode 
of reserving ammonia into its elemental^ 
constituents, is that first practised by ML 
Berthollet, the celebrated discoverer of 
ilB compomtion. This conusts in makiHj^ 
the pure gas traverse very slowly an igni* 
ted porcelain tube of a small diameter* 
The process^ as lately repeated by K. 
Gay-Lussac, yielded from 100 cubic inchee 
of ammonia, 3s>0 cubic inches of consd* 
tuent gases ; of which by subsequeht ana- 
lysis, 50 were found to be nitrogen, and 
150 hydrogen. Hence we see, that the 
reciprocal affinity of the ammoniacal ele- 
ments had effected a condensation equal to 
one-half of the volume of the free gam^ 
It appears, by the most recent determina«- 
tion^, that the specific gravity of hydro- 
gen is 0.0694, compared to ab as uni^« 
and that of nitrogen, 0.9733. Three vo-^ 
lumes of the former will therefore weigh' 
a2082, and one of the latter, 0.9733; the 
sum of which numbers, 1.1804, divided by 
3, ought to coincide with the experimen- 
tal density of ammonia. Now, it is 0.5903^ 
being an exact correspondence. And the 
ratio of the two wei^ts, reduced to lOO* 
parts, will be 83.36 nitrogen to 17.64 hy- 
drogen. To reduce ammonia to the sys» 
tem of equivalents, or to find its saturating 
ratio on that scale where oxygen repre* 
sents unity, we have this proportion 
0.9733 : 1.75 : : 1.1804 : 3.1335, so that 
3.125 may be called its prime eqnivsient. 
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We shall find this number deduced from 
analysis, confirmed by the synthesis of all 
the ammoniacal salts. 

Dr. Prout, in an able memoir on the 
relation between the specific gravities of 
gaseous bodies, and the weights of their 
atoms, published in the 6th vol. of the An- 
nals of Philosophy, makes the theoretical 
weight of the atom of ammonia to be only 
1.9375 considering it as a compound of 1 
atom of azote, and l^ atoms of hydrogen. 
This statement appears to be a logical in- 
ference from Mr. Da]ton*s hypothesis of 
atomical combination. For water, the 
great groundwork of his atomic structure, 
is represented as a compound of one atom 
oxygen with one atom of hydrogen ; and 
this atomical unit of hydrogen consists of 
two volumes of the gas. Hence three vo- 
lumes of the gas must represent an atom 
and an half. But an atom is, by its very 
definition, indivisible. Dr. Prout in the 
38th number of the Annals, restores the 
true proportions of 3 atoms hydrogen, -|~ 
1 azote. Our doctrine of equivalent primes, 
resting on the basis of experimental induc- 
tion, claims no knowledge of tJie atomical 
eonstitution of bodies. 

The alkaline nature of ammonia is de- 
monstrated, not only by its neutralizing 
acidity, and changfing' the vegetable reds 
to purple or green, but also by its being 
attracted to the negative pole of a voltaic 
arrangement. When a pretty strong elec- 
tric power is applied to ammonia in its li- 
quid or solid combinations, simple decom- 
position is effected; but in contact with 
mercury, very mysterious phenomena oc- 
cur. If a globule of merciuy be surround- 
ed with a little water of ammonia, or pla- 
ced in a little cavity in a piece of sal am- 
moniac, and then subjected to the voltaic 
power by two wires, the negative touch- 
mg the mercury, and the positive the am- 
moniacal compound, the globule is instant- 
ly covered with a circulating film, a white 
smoke rises from it, and its volume en- 
larges, whilst it shoots out ramifications of 
a semi-sohu consistence over the salt. The 
amalgam has the consistence of soft but- 
ter, and may be cut with a knife. When- 
ever the electrization is suspended, the 
erab-like fibres retract towards the cen- 
tral mass, which soon, by the constant 
formation of white saline films, resumes 
its pristine globular shape and size. The 
enlar^ment of volume seems to amount 
occasionally to ten times that of the mer- 
«iiry, when a small globule is employed. 
Sir H. Davy, Berzelius, and MM. Gay- 
Lussac and Thenard, have studied this 
sing^ilar ptienomenon with great care. 
They produced the very same substance 
by putting^ an amalgum of mercury and 
potassium into the moistened cupel of sal 
ammeniac. It becomes &we or six times 



Iar|^r, assumes the consistence of butte^ 
whilst it retains its metallic lustre. 

What takes place in these experiments ? 
In the second case, the substance of me- 
tallic aspect which we obtain is an ammo- 
niacal hydruret of mercuiy and potassium. 
There is formed, besides, muriate of pot- 
ash. Consequently a portion of the po- 
tassium of the amalgam, decomposes the 
water, becomes potash, which itself de- 
composes the muriate of ammonia. Thence 
result hydrogen and ammonia, which, ia 
the nascent state, unite to the undecom- 
posed amalgam. In the first experiment, 
the substance, which, as in the second, 
presents the metallic aspect, is only an 
ammoniacal hydruret of mercury ; its for- 
mation is accompanied by the perceptible 
evolution of a certain quantity of chlorine 
at the positive pole. It is obvious, there- 
fore, that the salt is decomposed by the 
electricity. The hydrogen of the muria- 
tic acid, and tlie ammonia, both combine 
with the mercury. These hydrurets pos- 
sess the following properties. 

Their sp. gravity is in general below 
3.0 ; exposed for some time to the tem- 
perature of SS** F. they assume consider- 
able hardness, and crystallize in cubes, 
which are often as beautiful and larg« as 
those of bismuth. Ether and akohol in- 
stantly destroy these amalgams, exciting 
a brisk eifervescence with them, *nd re- 
producing the pure mercurial globule. 
These amalgams are slightly permanent ii% 
the air, if undisturbed ; but the least agi- 
tetion is fetal to their existence. MM. 
Gay-Lussac and Thenard found, by im* 
mersion in water, that mercury, in passing 
to the state of a hydruret, absorbed Sf 
times its volume of hydrogen. The am- 
moniacal hydruret of mercitty and potas- 
sium may exist by itself; btit as soon aa 
we attempt to separate or oxidize the 
potassium, its other constituent principles 
also separate. Hence this hydruret is 
speedily decomposed by the air, by oxy- 
gen gas, and in general by all bodies that 
act upon potassium. It is even aifected 
by mercury, so that in treating it with this 
metal, we may easily determme the rela- 
tive quantity of ammonia and hydrogen 
which it contains. We need only for this 
purpose take up the interior parts of the 
hydruret with a little iron spotm, fill up 
with it a little glass tube, already nearly 
full of mercury ; and closing this with a 
very dry stopper, invert it in mercury 
equally dry. The hydruret will rise to the 
upper part of the tube, will be decompos- 
eo, especially by a slight agitation, and 
will give out hydrogen and ammonia in the 
ratio of 1 to 2.5, 

The mere ammoniacal hydrurets con- 
tain but a very small quantity of hydrogen 
and ammonia. By supposing that ia th« 
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ftmmoniacal hydniret of mercury, the hy- 
ib'ogen is to the ammonia in the same pro- 
portion as in the ammoniacal hydruret of 
mercury and potassium, it will appear 
that the first is formed in volume, of 1 of 
mercury, 3.47 hydrogen, and 8.67 ammo- 
niacal g^, at the mean pressure and tem- 
perature of 30. and 60** ; or in weight, of 
about 1800 parts of mercury, with 1 part 
of hydrogen, and 1 of ammonia. 

Ammonia is not affected by a cheny-red 
heat. According to Guyton de Morveau, 
it becomes a liquid at about 40*^ — 0**, 6t 
at 0**, the freezing point of mercury ; but 
it is uncertain whether the appesu^nces he 
observed may not have been owing to hy- 
grometric water, as happens with chlorine 
gas. The ammoniacal liquid loses its pun- 
gent smell as its temperature sinks, till at 
— 50^ J it gelatinises, if suddenly cooled ; 
l»ut if slowly cooled, it crystallizes. 

Oxygen, by means of electricity, or a 
mere red heat, resolves ammonia into wa- 
ter and nitrogen. When there is a consi- 
derable excess of oxygen, it acidifies a 
portion of the nitrogen into nitrous acid, 
whence many fallacies in analysis have 
arisen. Chlorine and ammonia exercise 
so powerful an action on each other, that 
when mixed suddenly, a sheet of white 
flame pervades them. The simplest way 
of niaking this fine experiment, is to in- 
vert a mattrass, with a wide mouth and 
cx)nical neck, over another with a taper 
neck, containing a mixture of sal ammo- 
niac and lime, heated by a lamp. As soon 
as the upper vessel seems to be full of am- 
monia, oy the overflow of the pungent 
gas, it is to be cautiously lifted up, and in- 
serted, in a perpendicular direction, into 
a wide-mouthed glass decanter or flask, 
filled with chlorine. On seizing the two 
vessels thus joined, with the two hands 
covered with gloves, and suddenly invert- 
ing them, like a satidglass, the heavy chlo- 
rine and light ammonia, rushing in oppo- 
site directions, unite, with the evolution 
of flame. As one volume of ammonia con- 
tains, in a condensed state, one and a half 
of hydrogen, which requires for its satura- 
tion just one and a half of chlorine, this 
quantity should resolve the mixture into 
muriatic acid and nitrogen, and thereby 
l^ve a ready analysis of the alkaline gas. 
If the proportion of chlorine be less, sal 
ammoniac and nitrogen are the results. 
The same thing happens on mixing the 
aqueous solutions of ammonia and chlo- 
rine. But if large bubbles of chlorine be 
let up into ammoniacal water of moderate 
strength, luminous strcikks ate seen in the 
dark to pervade the fiquid, and die same 
reciprocal change of the ingredients is ef- 
fected. 

MM. Gay-Lussac and Thenard state that 
when 3 parts of ammoniacal gas, and 1 of 

vofcv I*, {n ] 



chlorine, are mixed together, they coo^ 
dense into sal ammoniac ; and azote,' equal 
to 1-lOth the whole volume, is given out. 
This result is at variance with their own 
theory of volumes. 

Three of ammoniacal gas consist of 44 
hydrogen, and IJ nitrogen in a condensed 
state; 1 of chlorine seizes 1 of hydrogen, 
to form 2 of muriatic acid gas, which pre- 
cipitate with 2 of ammonia, in a pulveru- 
lent muriate. But the third volume of 
ammonia had parted with 1 volume of its 
hydrogen to the chlorine, and another 
half-volume of hydrogen» will unite with 
0.166 of a volume of nitrogen, to form 

0.66 

•— - •• 0.33 of redundant ammonia* while 

0.33 of a volume of nitrogen is left un- 
employed. Hence | of a vohime, or ^ 
of the original bulk of the mixed gases, 
ought to remain ; consisting of equal parts 
of ammonia and nitrogen, instead of 1-lOth 
of azote, as the French chemists state. 

Iodine has an analogous action on am- 
monia ; seizing a portion ot its hydrogen 
to form hjrdriodic acid, whence hydrio£ite 
of ammonia results ; while another portion 
of iodine unites with the liberated nitro- 
p^en, to form the explosive pulverulent 
iodide. 

Cyanogen and ammoniacal gas beg^n to 
act upon each other whenever they come 
into contact, but some hours are requisite 
to render the effect complete. They 
unite in the proportion nearly of 1 to 1 J, 
forming a compound which gives a dark 
orange-brown colour to water, but dis- 
solves in only a very small quantity in wa- 
ter. The solution does not produce pru8% 
sian blue with the salts of iron. 

By transmitting ammoniacal gas througl^ 
charcoal ignited m a tube, prussic or hy- 
drocyanic acid is formed. 

The action of the alkaline metals on 
gaseous ammonia is very curious. IVhea 

Sotassium is fused in that gas, a very fusi- 
le olive ^een substance, consisting of 
potassium, nitrogen, and ammonia, isform-t 
ed ; and a volume of hydrogen remains^ 
exactly equal to what would result irom 
the action on water, of the quantity of 
potassium employed. Hence, accoraing 
to M. Thenard, tibe ammonia is divided, 
into two portions. One is decomposedp 
so that its nitrogen combines with the po<^ 
tassium, and its hydrogen remains free, 
whilst the other is absorbed in whole or 
in part by the nitroguret of potassium.. 
Sotlium acts in the same manner. The 
olive substance is opaque, and it is only 
when in*plates of extreme thinness that itL 
appears semi-transparent ; and it has nor- 
thing of the metallic appearance; it i«. 
heavier than water ; and on minute in- 
spection seents imperfectly cjystallized» 
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* When it is e:iposed to a heat prQgres8ire« 
I^ increased, it melts, disengages ammo- 
nia, and h/drogen and nitrogen, in the 
proportions constituting ammonia; then 
it becomes solid, still preserving* its g^een 
colour, and is converted into a nitroguret 
of potassium or sodium. Exposed to the 
air at tlie ordinary temperature, it attracts 
only its humidity, but not its oxygen, and 
is slowly transformed intoammoniacal gas, 
and^ potash or soda. It bums vividly when 
projected into a hot crucible, or when 
neated in a vessel containing oxygen. 
Water and acids produce also sudden de- 
composition, with the extrication of heat. 
Alkalis or alkaline salts are produced. 
Alcohol likewise decomposes it with sim- 
ilar results. The preceding description 
of the compound of ammonia with potas- 
sium, as prepared b^ MM. Gay-Lussac and 
Thenard, was controverted by Sir H. 
Davy. 

The experiments of this accurate che- 
mist led to the conclusion, that the pre- 
sence of moisture had modified their rc- 
»ults. In proportion as more precautions 
are taken to keep every thing absolutely 
dry, so in proportion, is less ammonia re- 
generated. He seldom obtained as much 
as -TV of ^^ quantity absorbed; and he 
never could procure hydrogen and nitro- 
gen in the pvoportions constituting ammo- 
nia; there was always an excess of nitro- 
gen. The following experiment was 
conducted with the utmost nicety. SJ 
gr. of potassium were heated in 12 cubic 
inches of ammoniacal gas ; 7*5 were ab- 
sorbed, and 3.2 of hydrogen evolved. On 
distilUng the olive-coloured solid in a tube 
of platina, 9 cubical inches of gas were 
nven ofr,andhalf a cubical inch remained 
in the tube and adopters. Of the 9 cubi-. 
cal inches, one-fifth of a cubical inch only 
was ammonia ; 10 measures of the perma- 
nent gas mixed with 7.5 of oxygen, and 
acted upon by the electrical spark, left a 
residuum of 7.5. He infers that the re- 
sults of the analysis of ammonia, by elec- 
tricity and potassium, are the same. 

On the w^hole, we may legitimately in- 
fer tiat there is something yet unexplain- 
ed in these phenomena. I'he potassium 
separates from ammonia, as much hydro- 
gen, as an equal weight of it would from 
water. If two volumes of hydrogen be 
thus detached from the alkaline gas, the 
remaining volume, with the volume of 
nitrogen, will be left to combine with the 
potassium, forming a triple compound, 
somewhat analagous to the cyanides, a 
compound capable of condensing ammo- 
nia. For an account of a singular com- 
bination of ammonia, by which its volatili- 
ty seems destroyed, see Chlorive. 

When ammoniacal gas is transmitted 
over igmtcd wires of iron, copper, plati- 



na, &c. it is decomposed completely, and 
though the metals are not mcreased. in 
weight they have become extremely 
brittle. Iron, at the same temperature 
decomposes the ammonia, with double 
the rapidity that platinum does. At a 
high temperature, the protoxide of ni- 
trogen decomposes ammonia. 

Of the ordinary metals, zinc is the only 
one which liquid ammonia oxidizes and 
then dissolves. But it acts on many of 
the metallic oxides. At a high tempera- 
ture the p^as deoxidizes all those which 
are reducible by hydrogen. The oxides 
soluble in liquid ammonia, are the oxide 
of zinc, the protoxide and peroxide of 
copper, the oxide of silver, the third and 
fouth oxides of antimony, the oxide of 
tellurium, the protoxides of nickel, cobalt, 
and iron, the peroxides of tin, mercury, 
gold, and platinum. The first five are 
very soluble, the rest less so. These 
combinations can be obtained by evapo- 
ration, in the dry state, only with copper, 
antimony, mercuiy, gold, platinum, and 
silver ; the four last of which, are very re- 
markable for their detonating property. 
See the particular metals. 
^ All the acids are susceptible of combi- 
ning with ammonia, and they almost all 
form with it neutral compounds. M. Gay- 
Lussac made the important discoveiy, 
that whenever the acid is gaseous, its 
combination with ammoniacal gas, takes 
place in a simple ratio of determinate 
volumes, whether a neutral or a subsalt 
l>e formed. 

AMMomACAL Salts have the following 
general characters. — 

1«^ When treated with a caustic fixed 
alkali or earth, they exhale the peculiar 
smell of ammonia. 

2*^ They are generally soluble in wa- 
ter, and erystallizable. 

3J, They are all decpmposed at a mO" 
derate red heat; and if the acid be fixed, 
as the phosphoric or boracic, the ammo- 
nia comes away pure. 

4^A, When they are dropped into a so- 
lution of muriate of platina, a yellow pre- 
cipitate falls. 

1. Metate. This saline compound was 
formerly called the spirit of Mmderenis, 
who introduced it into medicine as a fe- 
brifuge sudorific. By saturating a pretty 
strong acetic acid with subcarbonate of 
ammonia, enclosing the liquid under the 
receiver of an air-pump, along with a 
saucerful of sulphuric acid, and exhaust- 
ing the air, the salt will concrete in acicu- 
lar crystals, which are nearly neutral. It 
may also be made very conveniently, by 
mixing hot saturated solutions of acetate 
of lead, and sulphate of ammonia, taking 
100 of the first, salt in its ordinary state, 
to 34.4 of the* second, well dried at a heat 
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of 212*. Or even muriate of ammonia 
will answer in the proportion of 27.9 to 
lOO of the acetate. Acetate of ammonia 
has a cooling sweetish taste. It is deli- 
quescent, and volatile at all temperatures; 
but it sublimes in the solid state at 250**. 
It consists of 75^ of dry acetic acid, and 
24| ammonia. When intended for medi- 
cine, it should always be prepared fcom 
pure acetic acid, and subcarbonate of am- 
monia. 

Arseniate of ammonia may be formed by 
saturating the arsenic acid with ammonia, 
and evaporating the liquid. Crystals of 
a rbomboldal prismatic form are obtained. 
A binurseniate may also be made by using 
an excess of acid. At a red heat, the am- 
monia of both salts is decomposed, and 
the acid is reduced to the metallic state. 
Under the respective acids, an account of 
several ammoniacal salts will be found. 
As the muriate, however, constitutes an 
extensive manufacture, we shall enter 
here into some additional details concern- 
ing its production. 

Sal ammoniac was originally fabricated 
in Egypt. I'he dung of camels and other 
animals constitutes the chief fuel used in 
that country. The soot is carefully col- 
lected. Globular glass vesseli^ about a foot 
in diameter, are ^ied within a few inches 
of their mouth with it, and are then ar- 
ranged in an oblong furnace, where they 
are exposed to a heat g^dually increased. 
The upper part of the glass balloon stands 
out of the furnace, and is kept relatively 
cool by the air. On the 3d day the oper- 
ation is completed, at which time they 
plunge an iron rod occasionally into the 
mouths of the globes, to prevent them 
from cloffing up, and thus endanger the 
bursting of Sie glass. 

The fire is allowed to go out ; and on 
breaking the cooled globes, their upper 
part is found to be lined with sal ammoniac 
in hemispheric^ lumps, about 2^ inches 
thick, of a g^yish white colour, semi- 
transparent, and possessed of a degree of 
elasticity. 26 pounds of soot yield 6 of 
sal ammoniac. The ordinary mode of 
manufacturing sal ammoniac in Europe, is 
by combining with muriatic acid the am- 
monia resulting from the igneous decom- 
position of animal matters in close vessels. 
Cylinders of cast iron, fitted up as we have 
described under Acbtic Acm, are charged 
with bones, boms, parings of hides, and 
other animad matters; and being exposed 
to a full red heat, an immense quantity of 
an impure liquid carbonate of ammonia dis- 
tils over. Mr. Minish contrived a cheap 
method of converting this liquid into sal 
ammoniac. He digested it with pulve- 
ized gypsum, or simply made it percolate 
through a stratum of bruised gypsum ; 



whence resulted a liquid sulphate of am- 
monia, and an insoluble carbonate of lime. 
The liquid, evaporated to (fryness, was 
mixed with muriate of soda, put into large 
glass balloons, and decomposed by a sub" 
liming heat. Sal ammoniac was found 
above in its characteristic cake, while sul- 
phate of soda remained below. 

M. Leblanc of St. Denis, near Paris, in- 
vented another method of much ingenui- 
ty, which is described by a commission of 
eminent French chemists in the 19th vo- 
lume of the Annalfs de Chimie, and in the 
Journal *de. Physique for- the year 1794. 
He used tight brick kilns, instead of iron 
cylinders, for holding the materials to be 
decomposed. Into one he put a mixture 
of common salt and oil of vitriol ; into ano- 
ther, animal matters. Heat extricated 
from the fir^t, muriatic acid gas, and from 
the second, ammgnia ; which bodies being 
conducted by their respective flues into a 
third chamber lined with lead, and con- 
taining a stratum of water on its bottom^ 
entered into combination, and precipitat- 
ed in solid sal ammoniac on the roof and * 
sides, or liquid at the bottom. 

In the 20th volume of the Annales, a 
plan for employing hltt^tn or muriate of 
magnesia to furnish the acid ingredient is 
described. An ingenious process on the 
same principles, was some time ago com- 
menced at Borrowstounness in Scotland, 
by Mr. Astley. ^le imbuetl in a stove- 
room, heated by brick flues, parings of 
skins, horns, and other animal .matters, 
with the muriate of magnesia, or mother 
water of the sea-salt works. The matters 
thus impregnated and dried, were sub- 
jected in a close kiln to a red heat, when 
the sal ammoniac vapour sublime^, and 
was condensed either in a solid fomn, into 
an adjoining chamber or chimney, or else 
into a stratum of water on its* bottom. Mu- 
riate of magnesia at a red heat, evolves 
muriatic acid gas ; ah evolution probably 
aided in the present case, by the aifinity 
ofammonia. 

From coal soot likewise a considerable 
quantity of ammonia, in the state of carbo- 
nate and sulphate, may be obtained, either 
by sublimation or lixiviation with water. 
These ammoniacal products can after- 
wards be readily converted into the mu- 
riate, as above described. M. Leblanc 
used «' kettle or eolipile for projecting 
steam into the leaden chamber to promote 
the combination. It is evident, that the 
exact neutralization, essential to sal am- 
moniac, might not be hit at first in these 
operations ; but it could be afterwards ef- 
fected by tlie separate addition of a p6r* 
tion of alkaline or acid gas. As the mo- 
ther waters of the Cheshire salt-works 
contain only 3 J per cent, of muriate of 
magnesia, they are not suitable, like thos* 
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id sea-talt worlu, for the above mtnufM^ 
tare.* 

* AmcoiTTAc ^Gvm). I*hi8 18 a gum-re- 
un, which conaista, according to Bracon- 
not, of 70 resin, 18.4 gum, 4.4 glutinous 
matter, 6 water, and 1.S loas in 100 parts. 
It forms a milky solution with water $ is 
partiallj soluble in alcohol; entirely in 
ether, nitric add, and alkalis. Sp. gr. 
1.200. It has a rather heavy smell, and a 
bitter sweet Uste. It is in small aggluti- 
nated pieces of a yellowish white ^our. 
It is used in medicine as an expectorant 
and antispasmodic* • 

Amxoititbs. These petrifactions, which 
have likewise been distinguished by ihe 
name of cormia ammorUs, and are called 
enake^tonet by the vulgar, consist chiefly 
of lime-stone. They are found of all si- 
zes, from the breadth of half an inch to 
more than two feet in diameter; some of 
them rounded, others gfeady compress- 
ed, and lodged in different strata of stones 
and clays. They appear to owe tJieir ori- 
gin to shells of llie nautilus ki^d. 

^ Amokum. S^e PiM«ifT9. 

. *. Akfribo!.!. See - HoavauniB and 

ACTT.HOUTl,* 

* AXPHISSVB.^ fiee VSSITTIAS.* 

* Amtodaloid.' a comi)ound mineral, 
consisting of spheroidal particles or vesi- 
cles of lithomarge, j^een earth, calc spar* 
ateatite, imbedoed in a basis of fine grain- 
ed green-s^oue, oV wacke, .containing 
sometimes also crystalsidf hoitiblende.* 

' Aitacardium, Cashew Nut, or Marking 
Nut. At one extremity of the fruit of tlie 
cashew tree is a fiattish kidney-shaped 
nut, between the Hnd of which and the 
thin outer shell is a small quantity of a red, 
thickish, inflammable, and very caustic li- 
quor. * This liquor forms a useful marking 
ink, as any iJiin^ written on linen or cot- 
ton with itf is <n a brown colour, which 
gradually grows blacker, and is very du- 
rable. 

* AvALGTMS. Cubic Zeolite. This mi- 
neral is generally found in aggregated 
or cubic crystals, whose solid angles are 
replaced by three planes. External lus- 
tre between vitreous and pearly ; fracture, 
flat: concboidal; colours, white, gray, or 
reddisli; translucent. fS*om its becoming 
feebly electrical by heat it has got the 

• name analcime. Us s^. gr. is less than 
2.6. It consists of 58 silica* 18 alumina, 2 
lime, 10 soda, 8^ water, and 3^ loss in 100 
parts. It is found in granite, gneiss, trap 
Tocks and lavas, at Calton Hill Edinburgh, 
at Talisker in Skye, in Dumbartonshire, 
in the Hartz, Bohemia, and at the Ferroe 
Islands. The variety found at bomma 
has been called sarcolite, from its fiesh 
colour.* 

A2rAi.Tsis. Chemical analysis consists 
of a great yanety of operations, peifona- 



ed for the purpose of separating the c 
ponent parts of bodies. In these opera- 
tions the most extensive knowledge of 
such properties of bodies as are already- 
discovered must be applied, in order to 
produce simplicity of effect, and certainty 
m the results. Chemical analysis can 
hardly be executed with success by one 
who IS not in possession of a considerable 
number of simple substanceir in a state of 
great purity, many of which, from their 
effects, are' called reagents. The word 
analysis is applied by chemists to denote 
that series of operations, by which the 
component parts of bodies are determined, 
whether they be merely separated, or ex- 
hibited apart from each other ; or whether 
these distinctive properties be exhibited 
by caumng them to enter into new com- 
bmations, without the perceptible inter- 
vention of a, separate state. The forming 
of new combinations is called synthesis ; 
and, in the chemical examination of bo- 
(ties, analysis or separation can scarcely 
ever be effected, without synthesb taking 
plac<i at the same time. 

As most of the improvements in the 
science of chemistry consist in bring^n^ 
the art of analysis nearer to peifection, it 
is not easy to give any other rule to the 
learner tluin the general one of consalttn|f 
and rcfmarking the processes of the best 
chemists, such as Scheele, Bergmann, 
Berthollet, Kirwan, Vauquelin, and Ber- 
zelius. The bodies which present them- 
selves more frequently for examination 
than others, are minerals and minettil 
waters. In the examination of the former, 
it was the habit of the earlier chemists to 
avail themselves of the action of fire, with 
very few humid processes, which are such 
as might be performed in the usual tem- 
perature of the atmosphere. Modem 
chemists have improved the process by 
fire, by a very extensive use of the blow-» 
pipe (see Blow-pipr); and have succeed- 
ed in determining the component parts of 
minerals to great accuracy in the humid 
way. For the method of*^ analyzing min- 
end waters, see Waters (Miiteral) ; and 
for the analysis of metallic ores,see Obks. 
Several authors have written on the ex- 
amination of earths and stones. 
^ The first step in the examination of con- 
sistent earths or stones is somewhat dif- 
ferent from that of such as are pulveru- 
lent. Their specific gravity should first 
be examined; also their hardness, whe- 
ther they will strike fire with steel, or can 
be scratched by the nail, or only by ci>'s- 
tal, or stones of still greater hardness ; also 
their texture, perviousiiess to light, and 
whether they be manifestly homogeneous 
or compound species, &c. 

2c^ In some cases, we should try whe« 
ihf^ they imbibe water, oc whathcr ys9^fx 
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vftm extract any thing from them by ebul- 
lition or digestion. 

3d, Whether they be soluble in, or ef- 
fervesce with, acids, before or after pnl- 
▼erization; or whether decomposable by 
boiling in a strong solution of potash, &c, 
as gypsums and ponderoii» spars are. 

4th, Whether they detonate with nitre. 

5th, Whether they yield the fluor acid 
by distillation with sulphuiic acid, or am- 
monia by distilling them with potash. 

6th, Whether they be fusible^ te with 
a blow-pipe, and how they are affected by 
•oda, borax, and microcosmic salt ; and 
whether they decrepitate when gradually 
heated. 

rth. Stones that melt per $e with the 



dnll green eolour indioitet the presence 
of iron; a bright grass-green, which is 
iropaited to water, that of manganese; 
and from a greenish-yellow, chromium 
may be expected. The crucible, still a 
little hot, being first wiped, is put into a 
capsule of porceUun or platinum; when, 
warm distilled water is poured upon the 
alkaline earthy mass, to detach it nrom the 
crucible. Having transferred the whole 
of it into the capsule, muriatic acid is pour- 
ed on, and a gentle heat applied, if neces^ 
saiy, to accomplish its solution. If the H- 
auid be of an orange-red colour, we infer 
uie presence of iron ; if of a golden-yeUow, 
that of chromium; and if of a purplish* 
red, that of manganese. The solution ia 



blow-pipe are certainly compound, and next to be evaporated to dryness, on a 
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contain at least three species of earth, of 
which the calcareous is probably one ; and 
if they give fire with steel, the siliceous ia 
probably another. 

The general process prescribed by the 
celebrated Vauquelin, in the 30tli volume 
of the Annates de Chimie, is the clearest 
which has yet been offered to the chemi- 
cal student. 

if the mineral be rery hard, it is to be 
ignited in a covered crucible of platinum, 
and then plunged into cold water, to ren- 
der it brittle and easily pulverizable. The 
weight should be noted before and after 
this operation, in order to see if any vola- 
tile matter has been emitted. For the pur- 
poae of reducing stones to an impalpable 



sand-bath, or over a lamp, taking care so ' 
to regulate the heat, that no particles be 
thrown out. Towai^s the end of the 
evaporation, it assumes a gelatinous con- 
sistence. At this period it must be stirred 
frequently with a platinum spatula or glass 
rod, to promote the disengagements the 
muriatic acid gas. After this, the heat 
may be nuaed to fully 213^ F. fbr a few 
minutes. Hot water is to be now poured 
on in considerable abundance, which dis^ 
solves eveiy thing except the silica. By 
filtration, this earth is separated from the 
liquid ; and being edulcorated with hot 
water, it is then dried, ignited, and weigh- 
ed. It constitutes a fine white powder, in- 
soluble in acida, and feeling gritty be- 



powder, little mortars of highly hardened tween the teeth. If it be coloured, a lit- 



steel are now made, consisting of a cylin- 
drical case and pestle. A mortar of a^te 
is also used for subsequent levigation. 
About ten grains of the mineral should be 
treated at once ; and after the whole 100 
grains have been reduced in succession to 
an impalpable powder, they ahould be 
weighed, to find what increase may have 
been derived from the substance of the 
agate. This addition may be regarded as 
silica. 

Of the ten primary earths, only four 
are usually met with in minerals, viz. nlica, 
alumina, magnesia, and lime, associated 
with some metallic oxides, which are com- 
monly iron, manganese, nickel, copper 
and cbromkim. 

If neither acid nor alkali be expected to 
be present, the mineral is mixea in a sil- 
ver crucible, with thrice its weight of 
pure potash and a little water. Heat is 
gradually applied to the covered crucible, 



tie dilute muriatic add must be digested 
on it, to remove the adhering metallic 
particles, which must be added to the 
first solution. This must now be reduced 
by evaporation to the bulk of half a pint. 
Carbonate of potash being then added, till 
it indicates alkidine excess, the liquid mast 
be made to boil for a little, A copious 
precipitation of the earth and oxides is 
thus produced. The whole is thrown on 
a filter, and after it ia so dnuned as to as- 
sume a semi-solid consistence, it is re- 
moved by a platinum blade, and boiled in 
a capsule for some time, with solution 
of pure potash. Alumina and glucina are 
thus dissolved, while the other earths and 
the metallic oxides remain. 

This alkalino-earthy solution, separated 
from the rest by filtration, is to be treated 
with an excess of muriatic acid; after 
which carbonate of ammonia being added 
also in excess, the alumina is thrown down. 



and is finally raised to redness; at which while the glucina continues dissolved, 

temperature it ought to be maintained for The first earth separated by filtration, 

an hour. If the mass, on inspection, be a washed, dried, and igfnited, gpives the 

perfect glass, silica may be regarded as quantity of alumina. The nature of this 

the chiefconstituent of the stone ; but if may be further demonstrated, by treating 

the vitrification be very imperfect and the it with dilute sulphuric acid, and sulphate 

bulk much increased, alumina may be of potash, both in equivalent quantities* 

supposed to predominate. A brownish or when the whole wlH be converted into 
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mhim. (See Alvk). The filtered liquid 
will deposite its glucina, on dissipatini^ the 
ammonia, by ebullition. It is to be sepa- 
rated by filtration, to be washed, ignited, 
and weighed. 

The matter undissolred by the diges- 
tion of the liquid potash, may consist of 
lime, marnesta, and metallic oxides. Di- 
lute sulphuric acid must be digested on it 
for some time. The solution is to be evap- 
orated to dryness, and heated to expel 
the excess of acid. The saline solid mat- 
ter being now diffused in a moderate 
quantity of water, the sulphate of magne- 
sia will be dissolved, and along with the 
metallic sulphates, may be separated from 
the sulphate of lime by the filter. The 
latter being washed with a little water, 
dried, ignited, and weighed, gives, by the 
scale of equivalents, the quantity of lime 
in the mineral. The mag^esian and metal- 
lic solution being diluted with a laig>e 
quantity of water, is to be treated with 
bicarbonate of potash, which will precipi- 
tate the nickel, iron, and chromium, but 
retain the magnena and manganese, by 
the excess of carbonic acid. Hydrosulphu- 
xet of potash will throw down the manga- 
nese, from the magnetdan solution. The 
addition of pure potash, aided by gentle 
ebullition, wiM then precipitate the mag^ 
nesia. The oxide of manganese may be 
freed from the sulphuretted hydrogen, by 
ustulation. 

The mingled metallic oxides must be 
digested with abundance of nitric acid, to 
acidify the chromium. The liquid is next 
. treated with potash, which forms a soluble 
ehromate, while it throws down the iron 
and nickel. The chromic acid may be se- 
parated from the potash by muriatic acid, 
and digestion with heat, washed, dried till 
it becomes a green oxide, and weighed. 
The nickel is separated from the iron, by 
treating their solution in muriatic acid, 
with water of ammonia. The latter oxide 
which falls, may be separated by the filter, 
dried and weighed. By evaporating the 
liquid, and exposing the dr^ residue to a 
moderate heat, the ammomacal salt will 
sublime and leave the oxide of nickel be- 
hind. The whole separate weights must 
now be collected in one amount, and if 
they constitute a sum within two per cent, 
of the primitive weight, the analysis may 
he regarded as giving a satisfactory ac- 
count of the composition of the mineral. 
But if the deficiency be considerable, then 
some volatile ing^redient, or some alkali or 
alkaline salt, may be suspected. 

A. portion of the mineral broken into 
imaU fnigments, is to be ignited in a pox^ 
celain retort, to which a refrigerated re- 
ceiver is fitted. The water or other vola- 
tile and condensable matter, if any be pre- 
sent, will thus be obtained. But if no loss 



of weight be sustuned by igtiition, alkali, 
or a volatile acid, mav be looked for. The 
latter is usually the fluoric. It may be ex- 
pelled by digestion with sulphuric acid. 
It is exactly characterized by its property 
of corroding glass.* 

Beside this general method, some oth- 
ers may be used in particular cases. 

Thus, to discover a small portion of alu- 
mina or magnesia in a solution of a large 
quantity of lime, pure ammonia may be 
applied, which will precipitate the alumi- 
na or magiiesia (if any be), but not the 
lime. Distilled vinegar applied to the pre- 
cipitate will discover whether it be alu- 
mma or magnesia. 

2<//y, A minute portion of lime or bary- 
tes, in a solution or alumina or magnesia, 
may be discovered by the sulphuric acid, 
which precipitates the lime and barytes : 
the solution should be dilute, else the alu- 
mina also would be precipitated. If there 
be not an excess ot acid, the oxalic acid 
is still a nicer test of lime: 100 griuns of 
gypsum contain about 33 of limes 100 
grains of sulphate of barytes contain 66 of 
barytes ; 100 grains of oxalate of lime con- 
tain 43.8 of lime. The insolubility of sul- 
phate of barytes in 500 times its weight 
of boiling water, sufficiently distin^ishes 
it. From these data the quantities are 
easily investigated. 

3d!y, A minute proportion of alumina in 
a large quantity of magnesia may be dis- 
covered, either by precipitating the whole, 
and treating it with distilled vinegar ; or 
by heating the solution nearly to ebulli- 
tion, and adding more carbonate of mag. 
nesia, until the solution is perfectly neu- 
tral, which it never is when alumina is con- 
tained in it, as this requires an excess of 
acid to keep it in solution. By these 
means the aJumina is precipitated in the 
state of embryon alum, which contains 
about half its weight of alumina (or, for 
greater exactness, it may be decomposed 
by boiling it in volatile alkali). After the 
precipitation, the solution should be large- 
ly diluted, as the sulphate of magnesia, 
which remained in solution while hot, 
would precipitate when cold, and mix with 
the embiyon alum. 

4^A/^, A minute portion of magnesia in 
alargfe quantity of alumina is best separat- 
ed by precipitating the whole, and treat- 
ing Uie precipitate with distilled vinegar. 
lAutly, Liitie and bar}'tes are separated 
by precipitating both with the sulphuric 
acid, and evaporating the solution to a 
small compass, pouring off the liquor, and 
treating the dried precipitate with 500 
times Its weight of boiling water; what 
remains undissolved is sulphate of baiy- 
tes. 

The inconveniences of employing much 
heaty are obvi^us^ and Mr. Lowits infomn 



ANA 



ANA 



US, diat they may be avoided without the 
least disadvantage. Over the flame of a 
sphit lamp, that will hold an ounce and 
half, and is placed in a cylindrical tin fur- 
nace four inches high and three in diame- 
ter, with air-holes, and a cover perforated 
to hold the crucible, he boils the stone 
prepared as directed above, stirring it fre- 
quently. His crucible, which, as well as 
the spatula, is of very fine silver, holds 
two ounces and a half^ or three ounces. 
As soon as the matter is boiled dry, he 
pours in as much hot water as he used at 
first; and this he repeats two or three 
times more, if the refractoriness of the foar 
sil require it. Large tough bubbles ari- 
sing during the boiling, are in general a 
sign that the process will be attended with 
success. £ven the sapphire, though the, 
most refractory of all Mr. Lowitz tried, 
was not more so in this than in the dry 
way. 

Sir H. Davy observes,. that the boracic 
acid is very useful in analyzing stones that 
contain a fixed alkali ; as its attraction fot 
the different earths at the heat of ignition 
is considerable, and the compounds it 
forms with them are easily decomposed 
by the mineral acids dissolved in water. 
His process is as follows : Let 100 grains 
of the stone to be examined be reduced 
to a fine powder,' mixed with 200 grains 
of boracic acid, and fused for about .half 
an hour at a strong red heat in a crucible 
of platina or silver. Digest the fused mass 
in an ounce and half of nitric acid diluted 
with seven or eight times the quantity of 
water, till the whole is decomposed; and 
then evaporate the solution till it is re- 
duced to an ounce and half, or two ounces. 
If the stone contained silex, it will sepa- 
rate in this process, and must be collect- 
ed on a filter, and edulcorated with dis- 
tilled water, to separate the saline matter. 
The fluid, mixed with all the water that 
has been passed through the filter, being 
evaporated till reduced to about half a 
pint, is to be saturated with carbonate of 
ammonia, and boiled with an excess of 
this salt, till all that will precipitate has 
fallen down. The earths and metallic 
oxides bein^ separated by filtration, mix 
nitric acid with the clear fluid till it has a 
strongly sour taste, and then evaporate 
till the boracic acid remains free. Filter 
the fluid, evaporate it to dryness, and ex- 
pose it to a heat of 450** F. when the ni- 
trate of ammonia will be decomposed, 
and the nitrate of potash or soda will re- 
main in the vessel. The earths and me- 
tallic oxides, that remained on the filter, 
may be disting^shed by the common pro- 
cesses. The alumina may be separated 
by solution of potash, the lime by sulphu- 
ric acid, the oxide of iron by. succinate of 
ammonia, the manganese by hydrosul- 



phuret of potash, and the magnesia by puie 
soda. ' 

• lately carbonate or nitrate of barytes 
has been introduced into mineral analysis 
with great advantage, for tlie fluxing of 
stones, that may contain alkaline matter. 
See the English Transition of M. The- 
nard's volume on analysis.* 

Under the head of mineral analysis, no- 
thing is of so much general importance as 
the examination of soils, with a view to 
the improvement of such as are less pro- 
ductive, by supplying the ingredients they 
want in due proportions to increase their 
fertility. To Lord Dundonald and Mr. 
Kirwan we are much indebted for their 
labours in this field of inquiry ; but Sir 
H. Davy, assisted by the labours of these 
gentlemen, the facts and observations of 
Mr. Young, and his own skill in chemis- 
try, having given at large, in a manner 
best adapted for the use of the practical 
farmer, an account of the methods to be 
pursued for this purpose, we shall here 
copy them. 

'I'he substances found in soils are cer- 
tain mixtures or combinations of some of 
the primitive earths, animal and vegetable 
matter in a decomposing state, certain sa« 
hne compounds, and the oxide of iron. 
These bodies always retain water, and ex- 
ist in very different proportions in differ- 
ent lands, and the end of analytical ex- 
periments is the detection of their quanti- 
ties and mode of union. 

The earths commonly found jn soils are 
principally silex, or the earth of flints ; alu- 
mina, or the pure matter of clay ; lime, op 
calcareous earth ; and magnesia : for the 
characters of which see the articles. Si- 
lex composes a considerable part of hard- 
gravelly soils, hard sandy soils, and hard 
stony lands. Alumina abounds most in 
clayey soils, and clayey loams ; but even in 
tlie smallest particles of these soils, it is ge- 
nerally united with silex and oxide of iron. 
Lime always exists in soils in a state of com- 
bination, and chiefly with carbonic acid, 
when it is called carbonate of lime. Th is 
carbonate in its hardest state is marble ; 
in its softest, chalk. Lime united with 
sulphuric acid is sulphate of lime, or gyp- 
sum ; with phosphoric acid, phosphate of 
lime, or the earth of bones. Carbonate 
of lime, mixed with other substances, com- 
poses chalky soils and marls, and is found 
m soft sandy soils. Magnesia is rarely 
found in soils : when it is; it is combined 
with carbonic acid, or with silex and alu- 
mina. Animal decomposing matter exists 
in different states, contains much carbo- 
naceous substance, volatile alkali, inflam- 
mable aeriform products, and carbonic 
acid. It is found chiefly in lands lately 
manured. Vegetable decomposing mat- 
ter usually contains stiH more carbonace- 
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0a9 nibttaiice, and difien from ih« pr» 
cedinr ptincipally in not producing voUk- 
tUe aicaii. It forms a great proportion of 
all peats, abounds in rich mould, and is 
found in larger or smaller quantities in aU 
lands. The saline compounds are few, 
and in small quantity: they are chiefly 
muriate of soda, or common salt, sulphate 
of magnesia, muriate and sulphate of pot- 
ash, nitrate of lime, and the mild alkalis. 
Oxide of iron, which is the same with the 
Tust produced by exposing iron to air and 
water, is found in all soils, but most abun- 
dantly in red and yellow clays, and red 
and yellow siliceous sands. 

The instruments requisite for the analy- 
sis of soils are few. A pair of scales capa- 
ble of holding a quarter of a pound of 
common soil, and turning with a single 
grain when loaded : a set of weights, from 
a quarter of a pound iroy to a gnun : a 
wire sieve, coarse enough to let pepper- 
corn pass through : an Argand lamp and 
stand : a few glass bottles, Hessian cruci- 
bles, and china or queen's ware evapora^ 
ting basins : a Wedgwood pestle and mor- 
tar : some filters made of half a sheet of 
blotting paper, folded so as to contain a 
pint of liquid, and greased at the edges : a 
bone knife : and an apparatus for collect- 
ing and measuring a'erubrra fluids. 

The reagents necessary are muriatic 
acid, sulphuric acid, pure volatile alkali 
dissolved in water, solution of prussiate of 
potash, soap lye, and solutions of carbo- 
nate of ammonia, muriate of ammonia, 
Heutral carbonate of potash, and nitrate of 
ammonia. 

1. When the general nature of the soil 
of a field is to be ascertained, specimens 
of it should be taken from diflerent places, 
two or three inches below the surface, and 
examined as to the similarity of their pro- 
perties. It sometimes happens, that on 
pisuns the whole of the u^per stratum of 
the land is of the same kind, and in this 
case one analysis will be sufficient. But 
in valleys, and near the beds of rivers, 
there are very great differences, and it 
now and then occurs, that one part of a 
field is calcareous, and another part silice- 
ous ; and in this and analogous cases, the 
portions different from each other should 
be analyzed separately. Soils when col- 
lected, if they cannot be examined imme- 
diately, should be preserved in phials 
quite filled with them, and closed with 
ground glass stopples. The most conve- 
nient quantity for a perfect analysis is from 
two hundred grains to four hundred. It 
should be collected in dry weather, and 
exposed to the air till it feels dry. Its 
specific gravity may be ascertained, by in- 
troducing into a phial, which will contain 
a known quantity of water, equal bulks of 
water and of the soil; which may ewi- 



ty be done, by pouring in water tiH the 
^hial is half fub, and then adding the soil 
tiU the fluid rises to the mouth. The dif- 
ference between the weight of the water, 
and that of the soil, will give the result. 
Then if the bottle will contain four hun- 
dred grains of water, and gains two hun- 
dred grains when half filled with water 
and half with soil, the specific gravity of 
the soil will be 2 ; that is, it willbe twice 
as heavy as water : and if it gained one 
hundred and sixty-five grains, its specific 
gravity would be 1625, water being 1000. 
It is of importance that the specific gravi- 
ty of a soil riiould be known, as it affords 
an indication of the quantity of animal and 
vegetable matter it contains ; these sub- 
stances being always most abundant in the 
lighter soils. The oiher physical proper** 
ties of soils should likewise be examined 
before the analysis is made, as tbey de- 
note, to a certain extent, their composi- 
tion, and serve as guides in directing the 
experiment . Thus siliceous soils are 
generally rough to the touch, and scratch 
glass when rubbed upon it: aluminous 
soils adhere strongly to the tongue, and 
emit a strong earthy smell when breatlied 
upon : and calcareous soils are sc^, and 
much less adhesive than aluminous soils. 

2. Soils, when as dry as they can be 
made by exposure to lihe air, skill retain a 
considerable quantity of waiter, which ad* 
heres with great obstinacy to them, and 
cannot be driven off* witliout considerable 
heat : and the first process of analysis is to 
free them from as much of this water as 
I>ossible, without*affecting their compou- 
tion in other respects, l^s may be done 
by heating the soil for ten or twelve 
minutes in a china basin over an Argand 
lamp, at a temperature equal to 300^ F. ; 
and if a thermometer be notused, the pro- 
per degree of heat may easily be ascer- 
tained by keeping a piece of wood in the 
b^kan in contact with its bottom; fora» 
long as the colour of the wood remains un- 
altered, the heat is not too high; but as 
soon as it begins to be charred, Uie pro- 
cess must be stopped. In several expe- 
riments, in which Sir H. Davy collected 
the water that came over at this degree of 
heat, he tbund it p^ire, without any sensi- 
ble quantity* of other volatile matter being 
produced. The loss of weight in this 
process must be carefiiUy noted ; and if it 
amount to 50 grains in 400 of the soil, 
this may be considered as in the greatest 
degree absorbent and retentive of water, 
and will generally be found to contain a 
large proportion of aluminous earth . if 
the loss be not more than 10 or 20 g^ns, 
the land may be considered as slightly ab- 
sorbent and retentive, and the siliceous 
earth as most abundant. 

3. None of the loo$e stones* gravel, or 
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ijirge vegetable fibres, should be sepM- 
ted from the soil, till the water is thus ex- 
pelled ; for these bodies are often highly 
absorbent and retentive, and consequent- 
ly influence the fertility of the land; But 
after the soil has been heated as above, 
these should be separated by the sieve, 
after the soil has been gently bruised in a 
mortar* The weights of the vegetable 
fibres or wood, and of the gravel and 
stones, should be separately noted down, 
and the nature of the latter ascertained: 
if they be calcareous, they will effervesce 
with acids ; if siliceous, they will scratch 
glass ; if aluminous, they will be soft, easi- 
ly scratched with a knife, and incapable of 
cflervescing with acids. 

4. Most soils, beude stones and gravel, 
Contain larger or smaller proportions of 
sand dTdiiferentidegrees of fineness; and 
the next operation necessary is to separate 
this sand from the parts more minutely di- 
vided, such as clay, loam, marl, and vege- 
table and animal matter. This may be 
done sufiidently by mixing the soil well 
with wator ; as the coarse sand will gene- 
rally fall to the bottom in the space of a 
minute, and the finer in two or three ; so 
that by pouring the water off after one, 
two, or three minutes, the sand will be for 
the most part separated from the other 
substances; which, with the water con- 
taining them, must be poured into a filter. 
After the water has passed through, what 
lemains on the filter must be dned and 
weighed ; as must also the sand ; and their 
respective quantities must be noted down. 
The water must be preserved, as it will 
contain the saline matter, and the soluble 
animal or vegetable matter, if any exbted 
in the soil. 

5. A minute analysis of the sand thus 
separated is seldom or never necessary, 
and its nature may be detected in the 
same way as that of the stones and gravel. 
It is always siliceous sand, or calcareous 
sand, or both together. If it consist 
wholly of carbonate of lime, it will dis- 
solve rapidly in muriatic acid with effer- 
vescence ; but if it consists partly of this 
and partly of siliceous matter, a residuum 
will be left after the acid has ceased to 
act on it, the acid being added till the 
mixture has a sour taste, and has ceased 
to eff'ervesce. This residuum is the sili- 
ceous part ; which being washed, dried, 
and heated strongly in a crucible, the 
difference of its weight from that of the 
whole, will indicate the quantity of the 
calcareous sand. 

6. The finely divided matter of the 
soil is usually vety compound in its na- 
ture ; it sometimes contains all the four 
primitive earths .of soils^ as well as animal 
and vegetable matter; and to ascertain 
the proportions of these with tolerable 

Vot. i; [22] 



«cciii!aey, is the most difficult pia*t of tW 
subject. The first process to be perform-< 
ed m this part of the analysis is the expo- 
sure of the fine matter of the soil to the 
action of muriatic acid. This acid, dilu- 
ted with double its bulk of water, should 
be poured upon the earthy matter in an 
evaporating basifi, in a quantity equal to 
twice the weight of the earthy matter. 
The mixture should be often s'arred, and 
suffered to remain for an hour, or an hour 
and half, before it is examined. If any 
carbonate of lime, or of magnesia, exist 
in the soil, they will have been dissolved 
in this time by the acid, which sometimes 
takes up likewise a littie oxide of iroiv 
but very seldom any alumina. The fluid 
should be passed through a filter; the 
solid matter collected, washed with dis- 
tilled or rain water, dried at a moderate 
heat, and weighed. Its loss will denote 
the quantity of solid matter taken up. 
The washings must be added to the solu* 
tion; which, if not sour to the taste, 
must be made so by the addition of fresh 
acid ; and a little solution of prussiate of 
potash must be mixed with the liquor. If 
a blue precipitate occur, it denotes the 
presence of oxide of iron, and the solu- 
tion of the prussiate must be dropped in, 
till no further effect is produced. To as- 
certain its quantity, it must be collected 
on a filter in the same manner as the other 
solid precipitates, and heated red: the. 
result will be oxide of iron. Into the 
fluid freed from oxide of iron a solution 
of carbonate of potash must be poured 
till all effervescence ceases in it, and tiU 
its taste and smell indicate a considerable 
excess of alkaline salt. The precipitate 
that falls down is carbonate of lime; which 
must be collected on a filter, dried at a 
heat below that of redness, and after- 
ward weighed. The remaining fluid must 
be boiled for a quarter of an hour, when 
the magnesia, if there be any, will be pre- 
cipitated combined with carbonic acid, 
and its quantity must be ascertained in 
the same manner as that of the carbonate 
of Time. If any minute proportion of alu* 
mina should, from peculiar circumstances, 
be dissolved by the acid, it will be found 
in the precipitate with the carbonate of 
lime, and it may be separated from it by 
boiling for a few minutes with soap lye 
sufiicient to cover the solid matter: for 
this lye dissolves alumina, without acting 
upon carbonate of lime. Should thefine- 
ly divided soil be sufficiently calcareous to 
effervesce very strongly with acids, asim* 
pie method of ascertiuning the quantity 
of carbonate of lime, sufficiently accurate 
in all common cases, may be adopted. Aff 
carbonate of lime iii all its states contains 
a determinate quantity of acid, which is 
about 45 parts m a hundred by weighV 
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the qutntity of this acid given oat daring 
the effervescence occasioned by its solu- 
tion in a stronger acid, will indicate the 
quantity of carbonate of lime present. 
Thus, if you weigh separately one part of 
the matter of the soil, and two parts of 
the acid diluted with an equal quantity of 
water, and mix the acid slowly in small 
portions with the soil, till it ceases to oc- 
casion any effervescence, by weigliing the 
mixture, and the acid that remains, you 
will find the quantity of carbonic acid 
lost ; and for every four grains and half 
so lost you will estimate ten grains of 
carbonate of lime. You may also collect 
tlie carbonic acid in the pneumatic appa- 
ratua for the analtfda of aoiU, described in 
the article Laboratort; and allow for 
evefy ounce measure of the carbonic acid, 
two grains of carbonate of lime. 

7. The quantity of insoluble animal and 
vegetable matter may next be ascertained 
with sufficient precision, by heating it to 
a strong red heat in a crucible over a com- 
mon fire, till no blackness remains in the 
mass, stirring it frequently meanwhile 
with a metallic wire. The loss of weight 
will ascertain the quantity of animal and 
vegetable matter there was, but not the 
proportions of each. If the smell emitted, 
during this process, resemble that of 
burnt feathers, it is a certain indication of 
the presence of some animal matter ; and 
a copious blue flame almost always de- 
notes a considerable proportion of vege- 
table matter. Nitrate of ammonia, in the 
proportion of twenty grains to a hundred 
of the residuum of the soil, will greatly 
accelerate this process, if the operator be 
in haste ; and not affect the result, as it 
will be decomposed and evaporate. 

8. What remains after this decomposi- 
tion of the vegetable and animal matter, 
consists generally of minute particles of 
earthy matter, which are usually a mixture 
of alumina and silex with oxide of iron. 
To separate these, boil them two or three 
hours in sulphuric acid diluted with four 
times its weight of water, allowing a hun- 
dred and twenty grains of acid for every 
hundred grains of the residuum. If any 
thing remain undissolved by this acid, it 
may be considered as silex, and be sepa- 
rated, washed, dried, and weighed, in the 
usual man ner. Carbonate of ammonia be- 
ing added to the solution in quantity more 
than sufficient to saturate the acid, the 
alumina will be precipitated; and the ox- 
ide of iron, if any, may be separated from 
the remaining liquid by boiling it. It 
scarcely ever happens, that any magnesia 
or lime escapes solution in the muriatic 
acid ; but if it should, it will be found in 
the sulphuric acid ; from which it may be 
separated as directed above for the muri- 
atic. This method of analysis is sufficient- 



ly precise for aU common purposes : but 
if veiy great accuracy be an object, the 
residuum after the incineration must be 
treated with potash, and in the manner in 
which stones are analyzed» as given in the 
first part of this article. 

9. If the soil contained any salts, or 
soluble vegetable or animal matter, they 
will be found in the water used for sepa- 
rating the sand. This water must be 
evaporated to dryness at a heat below 
boiling. If the solid matter left be of a 
brown colour, and inflammable, it may be 
considered as partly vegetable extract. 
If its smell, when exposed to heat, be 
strong and fetid, it contains animal mu- 
cilaginous, or gelatinous matter. If it be 
white and transparent, it may be consid- 
ered as principally saline. Nitrate of pot- 
ash or of lime is indicated in this saline 
matter by its sparkUng when thrown on 
burning coals: sulphate of magnesia may 
be detected by its bitter taste : and sul- 
phate of potash produces no alteration in 
a solution of carbonate of ammonia, but 
precipitates a solution of muriate oC ba« 
rytes. 

10. If sulphate or phosphate of lime be 
suspected in the soil, a particular process 
is requisite to detect it. A given weight 
of the entire soil, as four hundred grains 
for instance, must be mixed with one 
third as much powdered charcoal, and 
kept at a red heat in a crucible for half 
an hour. The mixture must then be boil- 
ed a quarter of an hour in half a pint of 
water, and the solution, being altered, 
exposed some days to the open air. If 
any soluble quantity of sulphate of lime, 
or gypsum, existed in the soil, a white 

Srecipitate will gradually form in the 
uid, and the weight of it will indicate 
the proportion. 

Pnosphate of lime, if any be present, 
may be separated from the soil after the 
process for gypsum. Muriatic acid must 
be digested upon the soil in quantity 
more Uian sufficient to saturate the solu- 
ble earths. The solution must be eva- 
porated, and water poured upon the solid 
matter, lliis fluid will dissolve the com- 
pounds of earths with the muriatic acid, 
and leave the phosphate of lime un- 
touched, 

11. When the examination of a soil is 
completed, the products should be classed, 
and their quantities added together; and 
if they nearly equal the original quantity 
of soil, the. analysis may be considered as 
accurate. It must however be observed, 
that when phosphate or sulphate of lime 
is discovered by the independent process. 
No. 10, just mentioned, a correction must 
be made for the general proces^ by sub- 
tracting a sum equal to their weight fi-om 
the quantity of carbonate of lime obtain- 
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ed by pfecipiUtioii from the mnmtic acid. 
In arrang'mg the products, the form should 
be in the order of the experiments by 
which they are obtained. Thus 400 grains 
of a gtKKl siliceous sandy soil may be sup- 
posed to contain, grsuns. 
Of water of absorption, - - 18 
Of loose stones and gravel principal- 
ly silieeous, - - - - 42 
Of undecompounded vegetable fi- 
bres, ----- 10 
Of fine siliceous sand, - - 300 
Of minutely divided matter, separa- 
ted by filtration, and consisting 

Carbonate of lime, - -25 

Carbonate of magnesia, - 4 
Matter destructible by heat, 

principally vegetable, - 10 
SUex, .... 40 
Alumina, ... 32 

Oxide of iron, - - 4 

Soluble matter, principally sul- 
phate of potash and vegeta- 
ble extract, . . 5 
Gypsum, ... 3 
Phosphate of lime, • 2 

— 125 

Amount of all the products, 395 
JLoss, - - - 5 

400 
In this instance the loss is supposed 
small ; but in general, in actual experi- 
ments, it will be found much greater, in 
consequence of the difficulty of collecting 
the whole quantities of the different pre- 
cipitates; and when it is within thirty for 
four hundred grains, there is no reason to 
suspect any want of due precision in the 
processes. 

12, When the experimenter is become 
acquainted with the use of the different 
instruments, the properties of the re- 
agents, and the relations between the ex- 
ternal and chemical qualities of soils, be 
will seldom find it necessary to perform, 
in any one case, all the processes that 
have been described. When his soil, for 
instance, contains no notable proportion 
of calcareous matter, the action of the 
muriatic acid. No. 6. may be omitted : in 
examining peat soils, he will principally 
have to. attend to the operation by fire 
and air. No. T.; and in the analysis of 
chalks and loams, he will often be able 
to omit the experiment with sulphuric 
acid. No. 8. 

In the first trials that are made by per- 
sons unacquainted with chemistry, they 
must not expect much precision of result. 
Many difliculties will be met with ; but in 
overcoming them the most useful kind of 
practical knowledge will be obtained; 
and nothing is so instnietive in experimen- 



tal science as the detection of mistakes. 
The correct analyst ought to be well 
g[rounded in general chemical informa- 
tion ; but perhaps there is no better mode 
of gaining it than that of attempting origi- 
nal investigations. In pursuing his ex- 
periments, he will be continually obliged 
to learn from books the history of the sub- 
stances he is employing or acting upon ; 
and his theoretical ideas will be more va- 
luable in being connected with practical 
operation, and acquired for the purpose 
<rf discovery. 

The anedysia of vegetables requires vari- 
ous manipulations, and peculiar attention, 
as their principles are extremely liable to 
be altered by the processes to which they 
are subjected. It was long before this 
analysis was brought to any degree of pei^ 
fection. 

Some of the immediate materials of 
vegetables are separated to our hands by 
Nature in a state of greater or less purity ; 
as the gums, resins, and balsams, that ex- 
ude from plants. The expressed juices 
contain various matters, that may be sepa- 
rated by the appropriate reagents. Mace- 
ration, infusion, and decoction in water, 
take up certain parts soluble in this men- 
struum; and alcohol will extract others 
that water will not dissolve. The mode 
of separating and disting^iishing these ma- 
terials will easily be collected from their 
characters, as given under the head Veoe- 
TABLE Kingdom, and under the different 
articles themselves. 

* As the ultimate constituents of all ve- 
getable substances are carbon, hydrogen, 
and oxygen^ with occasionally azote, the 
problem of their final analysis resolves into 
a method of ascertaining the proportion of 
these elementary bodies. MM. Gay-Lus- 
sac and Thenard contrived a very elegant 
apparatus for vegetable and animal analy- 
sis, in which the matter in a dried state 
was mixed with chlorate of potash, and 
formed into minute pellets. These pel- 
lets being projected through the interven- 
tion of a stop-cock of peculiar structure 
into an ignited glass tube, were instantly 
resolved into carbonic acid and water. 
The former product was received over 
mercury, and estimated by its condensa*- 
tion with potash ; the latter was intercep- 
ted by ignited muriate of lime, and was 
measured by the increase of weight which 
it communicates to this substance. By 
previous trials, the quantity of oxygen 
which a given weight of tlie chlorate of 
potash yielded by ignition was known ; 
and hence the carbon, hydrogen, and oxy- 
gen, derived from the organic substance, 
as well as the residual azote, of the gase- 
ous products. 

M. Berzelius modified the above appa- 
ratus, and employed the organic product 
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(a eombination with a base, genenlly ox- 
ide of lead. He mixed a certain weight 
pf this neutral compound with a known 
quantity oi pure chlorate of potash, and 
iliturated the whole with a large quantity 
of muriate of soda, for the purpose of mo- 
/derating the subsequent combustion* Thin 
mingled dry powder is put into a g]a«s tube 
about half an inch diameter, and eight or 
ten inches long, which is partially enclosed 
in a fold of tin-plate, hooped with iron 
wire. One end of the tube is hermeti- 
/cally sealed beforehand, the other is now 
drawn to a pretty fine point by the blow- 
pjpe. This termination is inserted into 
a glass globe about an inch diameter, 
which, joins it to a long tube containing 
dry muriate of I^me in its middle, and dip- 
ping at its other extremity into the mer- 
cury of R pneumatic trough. The first 
tube, with its protecting tin case, being 
exposed ^dually to ignition, the enclo- 
sed materials are resolved into carbonic 
acid, water, and azote, which come oyer, 
and are estimated as above described. M. 
Gay-Lussac has more recently employed 
peroxide of copper to mix with the or- 
jg^nic substance to he analyzed ; because 
while it fields its oxyfi^en to hydrogen and 
carbon, it is not actea on by azote ; and 
dius the errors resulting from the forma- 
tion of nitric acid with the chlorate of pot- 
ash are avoided. Berzelius has afiToraed 
satisfactory evidence by his analyses^ that 
the simple apparatus which he employed 
}s adequate to every purpose of chemical 
research . Dr. Prout has described, in the 
Annals of Philosophy for March 1820, a 
very neat form of apparatus for comple- 
ting analyses of organic substances wiiti 
the heat of a lamp. Hydrogen having the 
power in minute quantities of modifying 
the constitution of the organic bodies, re- 
quires to be estimated with corresponding 
minuteness. Mr. Porrett has very inge- 
niously suggested, that its quantity may 
be more accurately determined by the 
proportion of oxide of copper that is re- 
vived, than by the product of water, Di- 
lute sulphuric acid being digested on the 
residual cupreous powder, will instantly 
dissolve the oxide, and leave the reduced 
metal ; whose weight will indicate, by the 
scale of equiyajentai the hydrogen expen- 
ded in its reduction. One of hydrogen 
corresponds to 9 of water, and 32 of cop^ 
per. 

Under the different vegetable and ani- 
mal pi-pducts, we shall take care to state 
their ultimate constituents by the most 
correct and recent analyses. The pecu- 
liar substances which M ater, alcohol, ether, 
and other solvents, can separate from an 
organic body, may be called the immedi- 
ate products of the vegetable or anunal 
kmgdom; while the carbon, hydiogen. 



oxygen» and azote, discoverable by igne- 
ous analysis, are the ultimate constituent 
elements. To the former class belong 
sugar, gum, starch, oils, resins, gelatin, 
urea, organic acids and alkalis, &c. which 
see,* 

* AxATASK. Octohedrite, oxide <^ tiUk 
nium, rutile, and titane rutUe. This mi- 
neral shows a variety of colours by re» 
fleeted light, from indigo-blue to reddish- 
brown. 3y transmitted light, it appeaza 
greenish-yeUow. It is found usually in 
small crystals, octohedrons, with isosceles 
triangular faces. Structure lamellar; it 
is semi-transparent, or opaque ; fragmenta 
splendent, adamantine; scratches glass; 
brittle ; sp. gr. 3,85. It is a pure oxide oi 
titanium. , It has been found only in Dau- 
phiny and Norway; and is a very rare mi-r 
neral. It occurs in j^ranite, gneiasb mica 
slate, and transition hmestone.* 

* AjTbalusitb, a massive mineral, of 
a flesh and sometimes rose-red colour. It 
is, however, occasionally crystaUixed ii| 
rectangular four^sided prisms, verging on 
rhomboids. The structure of the pnsms 
is lamellar, with joints parallel to their 
sides. Translucent; scratches quartz; ia 
easily broken; sp. gr. 3.165. infunble 
by the blow-pipe ; in which re8pec^ it dif- 
fers from feldspar, though called felspath 
ai>yre by Haiiy , It is composed of 52 alu* 
mina, 32 silica, 8 potash, 2 oxide of iron^ 
and 6 loss, Vauq. It belongs to primi^ 
tive countries and was first ^und in An- 
dalusia in Spain. It is found in mica slate 
in Aberdeenshire, and in the Isle of Unst ; 
Dartmoor in Devonshire ; in mica slate at 
Killiney, near Dublin, and at Douce Moun- 
tain, county Wicklow.* 

* AxDKKOLiTfi. See Habxotomx.* 

* AvHTSBiTB. Anhydrous gypsum* 
There are six varieties of it. — 

1. Compact, has various shades, of whiter 
blue, and red ; massive and kidney-sha- 
ped; dull aspect; splintery or concboidal 
fracture ; translucent on the edges ; ia 
scratched by fluor, but scratches calc 
spar ; somewhat tough ; specific gravity 
2.850. It is dry sulphate of lime, with a 
trace of sea salt. It is found in the salt 
mines of Austria and Salzburg, and at the 
foot of the Harz mountains, 2. Granular, 
the scaly of Jameson. Is found in mafr 
sive concretions, of which the structure is 
confusedly fohated, White or bluish co- 
lour, of a pearly lustre ; compo»tion as 
above, with gne per cent, of sea salt, It 
occura in the salt mines of Hallie ; sp, gr. 
2.957. 3. Fibrous, Massive ; glimmer- 
ing, pearly lustre; fracture in delicate 
parallel fibres ; scarcely translucent ; easi- 
ly broken. Found at Halle, Ischel, and 
near Brunswick. 4. Radiated. Blue, some- 
times spotted with red; radiated, splen- 
dent ttactore ; part^. spliateiy ; tnnsiti- 
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cents not haid; sp. gr. 3.940. Jw Spai^ 
ly, or cube spar. Milk-white cdoiuv pas- 
sing sometimes into grayish and reddish 
white; short four-sided pnsms, having 
two of the opposite sides much broader 
than the other two ; and occasionally the 
lateral edges are truncated, whence re- 
suits an eight-sided prism ; lustre, nilen- 
dent, peaily. Foliated fracture. Three- 
fdd rectangular cleavage. Cubical fiiag- 
menta. Translucent. Scratches calc spar. 
Brittle. Sp. gr. 2.9. This is the muria* 
fite of some writen. It is doubly re- 
fracting. It is said to contain one per cent, 
of sea ttdt. It is found at Bex in Switzer- 
land, and Halle in the Tyrol. 6. Silicife- 
lous, or vulpinite* Blassive concretions 
of a laminated structure, translucent on 
the ed^s, splendent, and brittle. Gray- 
ish-white, veined with bluiah^igny. Sp. 
gr. 2.88. It contains eight per cent, silez. 
The rest is sidphate of lime. It is called 
by statuaries, lifanno bardiglio di Berga- 
mo, and takes a fine polish. It derives 
its name from Vulpino in Italy, where it 
accompanies lime.* 

AwiL, or Nil. This plant, from the 
leaves iof which indigo is prepared, grows 
ia America. 

Akixal Kiironov, The various bodies 
ground us, which form the objects of che- 
mical research, have all undergone a num- 
ber of combinations and decompositions 
b^ore we take them in hand for exami- 
nation. These are all consequences of 
the same attractions or specific propei^ 
ties that we avail ounelves of; and are 
modified tikewise by virtue of the situa- 
tions and temperatures of the bodies pre- 
sented to each other. In the great mast 
of unorganized matter, the combinations 
appear to be much more simple than such 
as take place in the vessels of organized 
beings, namely, plants and animals : in 
the former of which there is not any pecu- 
liar structure of tubes conveying various 
fluids; and in the latter there is not only 
an elaborate system of vessels, but like- 
wise, for the most part, an augmentation 
of temperature. From such causes as 
these it is, that some of the substances 
aifoTded by animal bodies are never found 
either in vegetables or minerals; and so 
likewise in vegetables are found certain 
products never unequivocally met with 
among minerals. Hence, among the sys- 
tematical arrangements used by chemists, 
the most general is that which divides 
bodies into three kingdoms, the animal, 
the vegetable, and the mineral. 

Animal, as well as vegetable bodies, 
may be considered as peculiar apparatus 
for cMTying on a determinate series of 
chemical operations. Vegetables seem 
capable of operating with fluids only, and 
at the temperature of the atmosphere^ as 



we have just noticed. But moit aaimab 
have a provinon for mechanically divi- 
«hng sohds by mastication, which answera 
the same purpose as grinding, pounding* 
or levig^tion, does in our experiments; 
that is to say, it enlarges the quantity of 
surfiice to be acted upon by solvents. 
The process carried on in the stomach ap- 
peara to be of the same kind as that which 
we disting^iish by the name of digestion; 
and the bowels, whatever other uses they 
may serve, evidently form an apparatus 
for filtering or conveying off the fluids ; 
while the more solid parts of the aliments* 
which are probably of such a nature as not 
to be rendered flmd, but by an alteration 
which would perhaps destroy the texture 
of the machine itself, are rejected as use- 
less. When this filtered fluid passes into 
the circulatory vessels, through which it 
is driven with conriderable velocity br 
the mechanical action of the heart, it (m 
subjected, not only to all those changes 
which the chemical action of its parts is 
capable of producing, but is likewise ex« 

{)osed to the air of the atmosphere in the 
un£^ into which that elastic fluid is ad- 
mitted by the act of respiration. Here it 
undergoes a change of the same nature 
as happens to other combustible bodies 
when they combine with its vital part, or 
oxygen. This vital part becomes con- 
densed, and combines with the blood, at 
the same time that it g^ves out a large 
quantity of heat, in consequence of its 
own capacity for heat beinp;' diminished. 
A small portion of azote likewise is ab- 
sorbed, and carbonic acid is given out. 
Some curious experiments of Spallanza- 
ni show, that the lungs are not the sole 
organs by which these changes are ef- 
fected. Worms, insects, shells of land 
and sea animals, egg shells, fishes, dead 
animals, and parts of animals, even after 
they have become putrid, are capable of 
absorbing oxygen from the jur, and^ving 
out carbonic acid. They deprive atmos- 
pheric air of its oxygen as completely as 
phosphorus. Shells, however, lose this 
property when their organization is de- 
stroyed by age. Amphibia, deprived of 
their lungs, lived much longer in the open 
air, than othera in air destitute of oxygen. 
It is remarkable, that a larva, weighing a 
few grains, would consume almost asmuck 
oxygen in a given time as one of the am- 
phibia a thousand times its bulk. Fishes, 
alive and dead, animals, and parts of ani- 
mals, confined under water in iais, ab- 
sorbed the oxygen of the atmospheric air 
over the water. Muscles, tendons, bones, 
brain, fiit, and blood, all absorbed oxygen 
in different proportions; but the blood did 
not absorb most, and bile appeared not 
to absorb any. 
It wottkL lead ub too far from our pur- 
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pose, if we were to attempt tn ezplma- 
tioii of the little we know respeetingp the 
manner in which the secretions or combi- 
nations that produce the various animal 
and vegetable substances are effected, 
or the uses of those substances in the 
economy of plants and animals. Most of 
them are very different from any of the 
products of the mineral kingdom. We 
•hall therefore only add, that these or- 
ganized beings are so contrived, that their 
existence continues, and all their func- 
tions are performed, as long as the ves- 
sels are supplied with food or materials to 
occupy the place of such as are carried 
off by evaporation from the surface, or 
o^erwise ; and as long as no g^at ehan||pe 
is made, either by violence or disease, m 
those vessels, or the fluids they contain. 
But as soon as the entire process is inter- 
rupted in any very considerable degree, 
the chemical arrangements become alter- 
ed ; the temperature in land animals is 
changed; the minute vessels are acted 
upon and destroyed ; life ceases, and the 
admirable structure, being no longer suf- 
ficiently perfect, loses its figure, and re- 
turns, by new combinations and decom- 
positions, to the general mass of unoi*gani- 
zed matter, with a rapidity which is usual- 
ly greater, the more elaborate its construc- 
tion. 

f Within tlie sphere of vitality, peculiar 
laws of decomposition and recomposition 
seem to prevail, in like manner as within 
the sphere of the voltaic circuit. Indeed 
each gland seems to have a capacity to 
induce peculiar corpuscular reactions, 
giving rise to its appropriate secretions. 
In the living stomach, food passes to the 
state of chyme ; when in the absence of 
life, the same matter, at the same tempera- 
lure, would putrefy .f 

The parts of vegetable or animal sub- 
stances may be obtained, for chemical 
examination, either by simple pres- 
sure, which empties the vessels of their 
contents; by digestion in water, or in 
other fluids, which dissolve certain parts, 
and often change their nature; by destruc- 
tive distillation, in which the application 
of a strong heat alters the combination' of 
the parts, and causes the new products to 
pass over into the receiver in the order of 
their volatility; by spontaneous decora- 
position or fermentation, wherein the 
component parts take a new arrangement, 
and form compounds which did not for 
the most part exist in the organized sub- 
stance; or, lastly, the judicious chemist 
will avail himself of all these several 
methods singly, or in combination. He 
will, according to circumstances, separate 
the parts of an animal or vegetable sub- 
stance by pressure, assisted by heat ; or 
by digestion or boiling in various fluids, 



added in tke retort which eontains the 
substance under examination. He will 
attend particularly to the products which 
pass over, whether they be pennanently 
elastic, or subject to condensation in the 
temperatures we are able to produce. In 
some cases, he will suffer the spontaneous 
decomposition to precede the application 
of chemical methods; and in others, he 
will attentively mark the changes which 
the products of his operations undergt) in 
the course of time, wnether in closed ves- 
sels, or exposed to the open air. Thus 
it is, that, m surveying the ample field of 
nature, the philosophical chemist posses- 
ses numerous means of making discove- 
ries, if applied with judgment and sagaci- 
ty ; though the progress of discovery, so 
far ftom bringing us nearer the end of our 
pursuit, appears continually to open new 
scenes; and, by enlarging our powers of 
investigation, never fails to point out ad- 
ditional objects of enquiry. 

Animal and vegetable substances ap- 
proach each other by insensible grada- 
tions ; so that there is no simple product 
of the one which may not be found in 
grater or less quantity in the other. The 
most general distinctive character of ani- 
mal substances is that of affording volatile 
alkali by destructive distillation. Some 
plants, however, afford it likewise. Nei- 
ther contain it ready formed ; but it ap- 
pears to be produced by the combination 
of hydrogen and azote, during the changes 
I>roduced either by fire, or tiie putrefac- 
tive process. See AxiAinia. 

Our knowledge of the products of the 
animal kingfdom, by the help of chemical 
analysis, is not yet sufficiently matured to 
enable us to arrange them according to 
the nature of their component, parts, 
which appear to consist chiefly of hydro- 
gen, oxygen, carbon, and azote ; and with 
these, sulphur, phosphorus, lime, magne- 
sia, and soda, are frequentiy combined in 
variable proportions. 

* The following are the peculiar chem- 
ical products of animal organization. Ge- 
latin, albumen, fibrin, caseous matter, co- 
louring matter of blood, mucus, urea, pi- 
cromel, osmazome, sugar of milk, and 
sugar of diabetes. The compound animal 
products are the various solids and fluids^ 
whether healthy or morbid, that are found 
in the animal body; such as muscle, skin, 
bone, blood, urine, bile, morbid concre- 
tions, brain, &c.* 

When animal substances are left expo- 
sed to the air, or immersed in water or 
other fluids, they suffer a spontaneous 
change, which is more or less rapid ac- 
cording to circumstances. The sponta- 
neous change of organized bodies is dis- 
tinguished by the name of fermentation. 
Ill vegetable bodies there are distinct st^- 
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. 1^8 or periods of this pTocess, which hnre 
been divided into the vinoui, acetous, and 
putrefactive fermentations. Animal sub- 
stances are susceptible only of the two 
latter, during which, as in all other spon- 
taneous changes, the combinations of 
chemical principles become in general 
more and more simple. There is no doubt 
but much instruction might be obtained 
from accurate observations of the putre- 
factive processes in all their several va- 
rieties and. situations ; but the loathsome- 
ness and danger attending on such enqui- 
ries have hitherto greatly retarded our 
progress in this department of chemical 
acience. See Fmelvlmstatiox (Putsstac- 
tive). 

Akikb, improperly called gum anim^ is 
a resinous substance imported from New 
Spain and the Brazils. Inhere are two 
kinds, distinguished by the names of ori- 
ental and occidental. The former is diy, 
and of an uncertain colour, some speci- 
mens being greenish, some reddish, and 
some of the brown colour of myrrh. The 
latter is in yellowish, white, transparent, 
somewhat unctuous tears, and partly in 
larger masses, brittle, of a light pleasant 
taste, easily melting in the fire, and burn- 
ing with an agreeable smell, tike resins, 
it is totally soluble in alcohol, and also in 
oil. Water takes up about l-16th of the 
weight of this resin by decoction. The 
spint, drawn off by distillation, has a con- 
siderable degree of the taste and flavour 
of the anim6 ; the distilled water discovers 
on its surface some small portion of essen- 
tial oil. 

This resin is used by perfumers, and 
also in certain plasters, wherein it has 
been supposed to be of service in nervous 
siTections of the head and other parts; but 
there are no reasons to think that, for 
medical purposes, it differs from common 
resins. 

AiriTBAL. We know too little of the 
arrangement of particles, to determine 
what it is that constitutes or produces 
brittleness in any substance. In a consid- 
erable number of instances of bodies 
which are capable of undergoing ignition, 
it is found that sudden cooling renders 
them hard and brittle. This is a real in- 
convenience in glass, and also in steel, 
when this metallic substance is required 
to be soft and flexible. The inconve- 
niences are avoided by cooling them veiy 
gradually, and this process is called an- 
nealing. Glass vessels, or other articles, 
are carried into an oven or apartment 
near the great furnace, called the leer. 
Where they are permitted to cool, in a 
greater or less time, according to their 
thickness and bulk. The annealing of 
steel, or other metallic bodies, consists 
simply in heating them, and suflTering 



tiiem to cool Again either upon the hearth 
of the fiimace, or in any other situation 
where the heat is moderate, or at least the 
temperature is not very cold. 

t Malleability, ductility and toughness, 
in substances susceptible of the annealing 
process, are psobably dependent on the 
quantity of caloric remaining in combina- 
tion with their particles, while in the solid 
state. When malleable metals are ham- 
mered, they give out heat and become 
harder, more rigid and more dense, untU 
a certain maximum is attuned. After- 
wards they neither heat nor harden, and 
crush to pieces, if the process be not 
suspended. Exposed to the fire until 
softened, on cooling they are found to 
have regained the properties of which 
percussion had deprived them ; and they 
may be again hammered, heated, harden- 
ed, and condensed. The sudden abstrac- 
tion of caloric from the exterior strata of 
particles in a piece of thick glass, is not 
attended by a corresponding abstraction 
of this principle from among the particles 
within, owing to the slowness, with which 
glass conducts heat. Hence cohesion is 
not general ; and the particles are not ar- 
ranged uniformly, unless the cooling be 
very slow, so as to allow the refrigera- 
tion, within and without, to be neany si- 
multaneous. As it never can be perfectly- 
simultaneous in thick glass, it is never 
perfectly well annealed. The process 
would be more perfect, were the articles 
subjected to radiant heat only ; as thi% 
when projected from red-hot surfaces^ , 
penetrates through glass, as I have ascer- • 
tained. By gradually making up fii'es of 
charcoal at about 4 inches dbtance on 
each side of a glass tube of about an inch 
and a quarter in thickness, and with a 
veiT small bore, I was enabled to heat 
and bend it. Ttom its situation, it was 
only subjected to radiant heatf 

AniroTTO. The pellicles of the seeds 
of the bixa orellana, a liliaceous shrub^ 
from 15 to 20 feet high in g^od ground* 
afFordlhe red masses brought into £u- 
rope;%ider the name of Annotto, Orlean, 
and Roucou. 

The annotto commonly met with among 
us is moderately hard, of a brown colour 
on the outside, and a dull red within. It 
is difficultly acted upon by water, and tin- 
ges the liquor only of a pale brownish 
yellow colour. In rectified spirit of wine 
it very readily dissolves, and communi- 
cates a high orange or yellowish-red. 
Hence it is used as an ingredient in var- 
nishes, for giving more or less of an 
orange cast to the simple yellows. Alka- 
line salt renders it perfectly soluble in 
boiling water, without altering its colour. 

Besides its use in dyeing, it is employed 
for colouring cheese. 
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• AsvcovRUTis. A minre nSmenl 
•fa brownish colour; sometimes also ciys- 
tallized, in thin flat six-sided prisms, 
streaked lengthwise. It hasafalse metal- 
liclustre, glistening and peariy. In crys- 
tals, transparent. Massive, only translu- 
cent on the edges. It does not scratch 
glass, but fluate of lime. Specific grav- 
Sy 3.3. Somewhat hard but exceeding- 
ly^ brittle. Infiisible alone before the 
blow-pipe, but with borax itgivesa g^rass« 
green transparent bead. It consists of 
56 silica, 13.3 alumina, 14 magnesia, 3.33 
lime, 6 oxide of iron, 3 oxide of manganese, 
1.43 water, and 2.94 loss in 100. It is found 
Konigsberg in Norway.* 

* Antbragitx. Blind coal, Kilkenny 
•oal, or glance-coal. There are three va- 
neties. 1. Ifassive, the conchoidal of Ja- 
meson. Its colour is iron-black, some- 
times tarnished on the surface, with a 
splendent metallic lustre. Fracture con- 
ehoidal, witii a pseudo-metallic lustre. 
It is brittle and light. It yields no flame, 
and leaves whitish ashes. It is found in 
the newest floetz formations, at Meissner 
in Hesse, and Walsall in Staifoidshire. 3. 
Slaty anthracite. Colour black, or brown- 
ish-black. Impeifect slaty in one direc- 
tion, with a slight metallic lustre. Brittle. 
Specific gravity 1.4 to 1.8. Consumes 
without flame. It is composed of T2 car- 
bon, 13 silica, 3.3 alumina, and 3.5 oxide of 
iron. It is found in both primitive and se- 
condary rocks ; atCalton Hill, Edinburgh; 
near Walsall Staffordshire ; in the south- 

^ cm parts of Brecknockshire, Carmaithen- 
• ahire, and Pembrokesliire, whence it is 
called Welsh culm ; near Cumnock, and 
Kilmarnock, Ayrshire; and most abun- 
dantly at Kilkenny, Ireland. 3. Colum- 
nar anthracite. In small short prisma- 
tic concretions, of an iron-black colour 
with a tarnished metallic lustre. It is brittle, 
soft, and light. It yields no flame or smoke. 
It forms a thick bed near Sanquhar, in 
Dumfries-shire; at Saltcoats and New 
Cumnock, in Ajrrshire. It occurs also at 
Meissner in Hesse.* ^u 

AwTiMowT. The word antimo^is al- 
ways used in commerce to denote a'metal- 
lic ore, consisting of sulphur combined 
with the metal, which is properly called 
antimony. Sometimes this sulp'huret is 
termed crude antimony, to distinguish it 
from the pure metal, or regulus, as it was 
formerly called. According to Professor 
Proust, the sulphuret contains 26 per cent 
of sulphur. He heated 100 parts of anti- 
mony with an equal weight of sulphur in 
a glass retort, till the whole was well fu- 
sed and the excess of sulphur expelled, 
and the sulphuret remsjmng was 135. 
The result was the same after repeated 
trials : 100 parts of antimony, with 300 
of red sulphuret of mercury, aJforded 135 
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tOlS6ofAilphQKt These ntificialraip&ii-f 
rets lost nothing by being kept in fusion 
an hour ; and heated with an equal weight 
fif sulphur, they could not be made to 
take up more. Some of the native sulphu- 
rets of the shops, however, appear to 
have a small portion more of sulphur uni- 
ted with them, as they will take up an ad- 
dition of 7 or 8 per cent of antimony. 

Antimony is of a dusky white colour, 
very brittle, and of a plated or scal^ tex- 
ture. Its specific gravity, according to 
Biisson, is 6.7031, but Bei|fmann makes 
it 6.86. Soon after ig^tion it melts, and 
by a continuance of the heat it becomes 
oxidized, and rises in white fumes, which 
may afterwards be volatilized a second 
time, or fused into a hyacinthine glass, ac- 
cording to the management of the heat: 
the first were formerly called argentine 
flowers of regulus of antimony. In closed 
vessels the antimony rises totally without 
decomposition. This metallic substance 
b not subject to rust by exposure to air, 
though its surface becomes tarnished by 
that means Its oxides are a little soluble 
in water; and in this respect they resem- 
ble the oxide of arsenic, by an approach 
toward the acid state. 

• There are certainly three, probably 
four, distinct combinations of antimony 
and oxygen : 1. The protoxide of Berze- 
lius is a blackish-gray powder, obtained 
from a mixture of powder of antimony and 
water, at the positive pole ofavoltjuc cir- 
cuit. Heat enables this* oxide to absorb 
oxygen rapidly, converting it into the tri- 
toxide. A.cc(nding to Berzelius,it con- 
sists of 100 of metal, and 4.65 oxygen. It 
must be confessed, however, that me data 
for fixing these proportions are very 
doubtful. 2. The deutoxide may be ob- 
tained by digesting the metal in powder 
in muriatic acid, and pourijig the solution 
into water of potash. Wash and dry the 
precipitate. It is a powder of a dirty white 
colour, which melts at a moderate red 
heat, and crystallizes as it cools. Accord- 
ing to Berzelius, it consists of 84.3 metal 
-f- 15.7 oxygen, 3. The tritoxide, or an- 
timonious acid, is the immediate product 
of the combustion of the metal, called of 
old from its fine white colour, the argen- 
tine flowers of antimony. It may also be 
formed by digesting hot nitric acid on an- 
timony. When fused with one-fourth of 
antimony, the whole becomes deutoxide. 
It forms the salts called antimonites with 
the diflerent bases. According to Berze- 
lius, the tritoxide consists of about 80 me- 
tal -f- 20 oxygen. 4. The peroxide, or 
antimonic aci(£ is formed, when the metal 
in powder is ignited along with six times 
its weight of nitre in a silver crucible. 
The excess of potash and nitre being af- 
terwards separated by hot water, the anti- 
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tnoniate of potash is then to he decomposed 
by muriatic acid, when the insohible anti- 
monic acid of a straw colour will be ob- 
tained. Nitro-muriatic acid likewise con- 
verts the metalinto the peroxide. Thoug^li 
insoluble in water, it reddens the veg^e ta- 
ble blues. It does not combing with acids. 
At a red heat oxygen is disengaged, and 
antim oil ions acid results. Berzelius infers 
its composition to be 73.5 metal + 26.5 
oxygen. It is difficidt to reconcile the 
above three portions of oxygen to one 
prime equivalent for antimony. The num- 
ber 11. gives the best approximation to Ber- 
zelius's analyses. We shall then have the 



Protoxide 11 metal 
Deutoxidell +2 

Tritoxide 11 4-3 

Peroxide 11 



The second and fourth numbers agree 
perfectly with experiment ; the first ox- 
ide is too imperfectly known to enter into 



analysts have fonnd 30, S3, and 35 to 100 
of metal. Berzelius admits that there may 
be i slight error in his numbers. The on- 
ly important alloys of antimony are those 
of lead and tin ; the former constitutes 
type metal, and contains about one-six- 
teenth of antimony ; the latter alloy is em* 
ployed for making the plates on which 
music is engraved. 

The salts of antimony are of two diffe- 
rent orders; in the first, the deutoxide 
acts the part of a salifiable base ; in the 
second, the tritoxide and peroxide, act 
the part of acids, neutralizing the alkaline 
and other bases, to constitute the antimo- 
nites and antimoniates. 

The only distinct combination of the 

first order entitled to our attention, is the 

84.6+ 15-4 triple salt called tartrate of potash and an- 

78.64-21.4 timony, or tartar emetic, and which, by 

- ' M. Gay-Lussac's new views, would be 

styled cream-tartrate of antimony. This 
constitutes a valuable and powerful medi- 
cine, and therefore the mode of preparing 
it should be correctly and clearly definea 



In 100 parts. 
loxy.or91.|+ 8. J 



73.4+26.6 



the argument; and the third number, A^.*« dull white deutoxide of antimony 
though it indicates a little more oxygen 
than Berzelius assigns, gives less than 
Proust. 

Chlorine gas and antimony combine 
with combustion, and a bichloride results. 
This was formerly prepared by distilling 
a mixture of two paits of corrosive subli- 
mate with one of antimony. The sub- 
stance which came over having a fatty 
consistence, was called butter of antimony. 
It is frequently crystallized in four-sided 
prisms. It is fusible and volatile at a mo- 
derate heat ; and is resolved by water 
alone into the white oxide and muriatic 
acid. Being a bichloride, it is eminently 
corrosive, like the bichloride of mercury, 
from which it is formed. It consists of 45.7 
chlorine + 54.3 antimony, according to 
Dr. John Davy's analysis, when the com- 
position of the sulphuret is corrected by 
Its recent exact analysis by Berzehus. But 
11. antimony + 2 primes chlorine = 9.0, 
give the proportion per cent of 44.1 + 
55.5 ; a good coincidence, if we consider 
the circuitous process by which Dr. Da- 
vy's analysis was performed. Three 



is the true basis of this compound salt, 
and as that oxide readily passes by mis- 
management into the tritoxide or antimo* 
nious acid, which is altogether unfit for 
the purpose, adequate pains should be 
taken to guard against so capital an error. 
In former editions of the British Pharma- 
copoeias, the glass of antimony was pre- 
scribed as the basis of tartar emetic. More 
complex and precarious formulx have 
been since introduced. The new edition 
of the Pharmacopce Frangaise has given 
a recipe, which appears, with a slight 
change of proportions, to be unexception- 
able. Take of the sulphuretted vitreous 
oxide of antimony levigated, and acidulous 
tartrate of potash, equal parts. Form a 
powder, which is to be put into an earthen 
or silver vessel, with a sufficient quantity 
of pure water. Boil the mixture for half 
an hour, adding boiling water from time 
to time ; filter the hot liquor, and evapo- 
rate to dryness in a porcelain capsule; 
dissolve in boiling water the result of the 
e%'aporation, evaporate till the solution ac- 
quires the spec. grav. 1.161, and then let 



parts of corrosive sublimate, and one of it repose, that crystals be obtained, which, 
metallic antimonv, are the equivalent by this process, will be pure. By another 
proportions for making butter of antimo- I^^»P?» .f,?P*f ^ ^*^ F"""?^ alteration from, 
iy. Iodine and antimony combine by Mr. Phdlips's prescnption. into the ap- 
the aid of heat into a solid iodide, of a pendix of the French Pharmacopeia, a 
dark-red colour. The phosphuret of this subsulphate of antimony is formed first of 
metal is obtained by fusing it with soUd a^'.^X digesting two parts of sulphuret of 
phosphoric acid. It is a white semi-crys- »ntimony m a moderate^ heat, with three 
talline substance. The sulphuret of anti- 
mony exists abundantly in nature. See 
OnEs of AwTiMONT. It consists, according 
to Berzelius, of 100 antimony + 37.25 
sulphur. The proportion given by the 
equivalent ratio ia 100 + 36.5. Other 
Voi. T. . [23] 



parts of oil of vitriol. This insoluble sub- 
sulphate bding well washed, is then di- 
gested in a quantity of boiling water, witl^ 
Its own weight of cream of tartar, and eva- 
porated to the density 1.161, after which 
it ia filtered hot. On cooling, crystals of 
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€be triple tMtmkc are obtilaed. One 
night imagine, that there is a chance of 
obtaining by this process, a mixture of sul- 
phate ofpotash, and perhaps of a triple 
sulphate of antimony, along with the tartar 
emetic. Probably this does not happen, 
for it is said to yield crystals, very pure, 
very white, and without any mixture 
Whatever. 

Pure tartar emetic is in colourless and 
transparent tetrahedrons or octohedrons. 
It reddens litmus. Its taste is nauseous 
and caustic. Exposed to the air, it efflo- 
resces slowly. Boiling water dissolves 
half its weight, and culd water a fifteenth 
part Sulphuric, nitric, and muriatic acids, 
when poured into a solution of this salt, 
precipitate its cream of tartar; and soda, 
potash, ammonia, or their carbonates, 
throw down its oxide of antimony. Bary- 
tes, strontites, and lime waters, occasion 
not only a precipitate of oxide of antimo- 
ny, like the alkalis, but also insoluble tar- 
trates of these earths. That produced by 
the alkaline hydrosulphurets, is wholly 
formed of kermes ; while that caused by 
sulphuretted hydrogen, contains both 
kermes and cream of tartar. The decoc* 
tions of several varieties of cinchona, and 
of several bitter and astringent plants, 
equally decompose tartar emetic; and the 
precipitate then always consists of the ox- 
ide or antimony, combined with the vege- 
table matter and cream of tartas. Physi- 
cians ought therefore to beware of such 
incompatible mixtures. When tartar eme- 
» tic is exposed to a red heat, it first black- 
* ens, like all organic compounds, and af- 
terwards leaves a residuum of metallic an- 
timony and subcarbonate ofpotash. From 
this phenomenon; and the deep brownish- 
red precipitate, by hydrosulphurets, this 
antimonial combination may readily be re- 
tognized. The precipitate may further 
be dried on a filter, and ignited with black 
flux, when a globule of metallic antimony 
will be obtained. Infusion of ^lls is an 
active precipitant of tartar emetic. 

This salt, io an undue dose, is capable 
of acting as a poison. The best antidotes 
are demulcent drinks^ infusions of bark, 
tea, and sulphuretted hydrogen water, 
which instantly converts the energetic 
salt into a relativelv mild sulphuret : ano- 
dynes arc useful afterwards. The powder 
of tartar emetic, mixed with hog's lard, 
and applied to the skin of the human bo- 
dy, raises small vesications. 

The composition of this salt, according 
\o M. Thenard, is 35.4 acid, 39.6 oxide, 
16.r potash, and 8.2 water. The presence 
of the latter ingredient is obvious, from 
the undisputed phenomenon of efflores- 
cence. If we adopt the new views of If. 
Gay-Lussac, this salt may be a compound 
of a prime equivalent of tartar ■« 23,825, 



with a prime equivalent of deutoxide of 
antimony -< 13. On this hypothesb we 
would have the following proportions : 

2 primes acid ->• 16.75 45.4 

1 prime potash — 5.95 16.2 

1 prime water — 1.125 3.1 

1 oxide of antimony — 13.00 35^ 

36.825 100.0 
But very little confidence can be reposed 
in such atomical representations. 

The deutoxide seems to have the pro- 
perty of combining with sujlphur in vari- 
ous proportions. To this species of com- 
pound must be referred the liver of anti- 
mony, glass of antimony, and crocut metals 
lorum of thp ancient i^othecaries. Sul- 
phuretted hydrogen forms, with the deu- 
toxide of antimony, a compound which 
possessed at one time great celebrity in 
medicine, and of which a modification has 
lately been introduced into the art of cal- 
ico printing. By dropping hydrosulphu- 
ret of poUish, or of ammonia, into the 
cream-tartrate, or into mild muriate of an- 
timony, the hydrosulpburet of the metal- 
lic oxide precipitates of a beautiful deep 
orange colour. This is hermet ndneraL 
Cluzel's process for obtaining a fine ket^ 
met, light, velvety, and of a deep purple- 
brown, is the following : one part of pul« 
verized sulphuret of antimony, 22^ parts 
of crystallized subcarbonate of soda, and 
200 parts of water, are to be boiled to- 
gether in an iron pot. Filter the hot li- 
quor into warm earthen pans, and allow 
them to cool very slowly. At the end of 
24 hours the kermes is deposited. Throw 
it on a filter, wash it with water which 
had been boiled and then cooled out of 
contact with air. Dry the kermes at a 
temperature of 85*, and preserve in cork- 
ed phials. Whatever may be the process 
employed, by boiling the liquor aller cool- 
ing and filtration, on new sulphuret of an- 
timony, or upon that which was left in the 
former operation, this new fiquid will de- 
posits on cooling, a new quantity of kei> 
mes. Besides the hydrosulphuretted oxide 
of antimony, there is formed a sulphuret- 
ted hydrosulphuret of potash or soda. 
Consequently, the alkali seizes a portion 
of the sulphur from the antimonial sulphu- 
ret, water is decomposed, and whilst a 
portion of its hydrogen unites to the alka- 
line sulphuret, its oxygen, and the other 
portion of its hydrogen, combine with the 
sulphuretted antimony. It seems, that the 
resulting kermes remaiiVs dissolved in the 
sulphuretted hydrosulphuret of potash or 
soda ; but as it is less soluble in the cold 
than the hot, it is partially precipitated by 
refrigeration, ffwe pour into the super- 
natant liquid,' af^er the kermes is deposi- 
ted and renoYedy any acid, as the dilute 
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Bitric, salpbuiic, or raurittSc, we decom- 
pose the sulphuretted hydrosulphuret of 
potash at soda. The alkaHne base being 
laid bold of, the sulphuretted hydrogen 
and sulphur to which they were united 
are set at liberty; the sulphur andkennes 
Ikll together, combine with it, and form an 
orang^coloured compound, called the 
rolden sulphuret of antimony. It is a by- 
drognretted sulphuret of antimony . Hence, 
when it is digested with warm muriatic 
acid, a large residuum of sulphur is ob- 
tained, amounting sometimes to 12 per 
cent. Kermes is composed by Thenard, 
of 20.3 sulphuretted hydrogen, 4.15 sul- 
phur, 72 7o oxide of antimony, 2.79 water 
and loss ; and the golden sulphuret con- 
sists of 17.87 sulphuretted hydrogen, 68^ 
oxide of antimony, and 12 sulphur. 

Bv evaporating the supernatant kermes 
liquid, and coobng, crystals form, which 
have been lately employed by the calico 
printer, to g^ve a topical orange. These 
crystals are dissolved in water, and the so- 
lution being thickened with paste or gum, 
is applied to cloth in the usual way. When 
the cloth 18 dried, it is passed through a 
<^ute acid, when the orange precipitate 
is deposited and fixed on the vegetable 
£bres. 

An empirical antimonial medicine, called 
James'n powder, has been much used in 
this country. The inventor called it his 
fever poroder, and was so successful in his 
practice with it, that it obtuned very 
great reputation, which it still in some 
measure retains. Probably, the success of 
Dr. James was in great measure owing to 
his free use of the bark, which he always 
gave as largely as the stomach would 
bear, as soon as he had completely evacuf 
ated the primae viae by the use of his antimo- 
nial preparation, with which at first he 
used to combine some mercurial. His spe«> 
cification, lodged in chancery, is as follows: 
** Take antimony, calcine it with a con- 
tinued protracted heat, in afia( unglazed, 
earthen vessel adding to it from ^me to time 
a sufficient quantity of any animal oil and 
salt, well dephlegmated ; then boil it in 
melted nitre for a considerable time, and 
separate the powder from the nitre by 
dissoMng it in water." The real recipe 
has been studiously concealed, and a false 
one published in its stead. BifTerent for- 
mulae have been offered for imitating it. 
That of Dr, Pearson furnishes a mere mix- 
ture Qf an oxide of antimony, with phos- 
phate of lime. The real powder of James, 
according to this chemist, consists of 57 
oxide of antimony, with 43 phosphate of 
lime. It seems highly probable that super- 
phosphate of lime would act on oxide of 
antimony, in a way somewhat similar to 
cream of tartar, and produce a more che- 
mieal combtaatioB, than what can be d*- 



rived from a pKcarioiM lutidadon »id cal- 
cination of hartshorn shavings and sul* 
phuret of antimony, in ordinary hands. 
The antimonial medicines are powerful 
deobstruents, promoting particularly the 
cuticular discharge. The union of this 
metallic oxide with sulphuretted hydn»- 
gen, ought undoubtedly to &vour its me- 
dicinal agency in chronic diseases of the 
skin. The kermes deserves more credit 
than it has hitherto received from British 
physicians. 

I'he compounds formed by the antimo^ 
nious and antimonic acids, with the base% 
have not been applied to any use. Muriate 
of barytes may be employed as a test for 
tartar emetic. It will show, by a precipi- 
tale insoluble in-nitric add, if sulphate of 
potash be present. If the crystals be re- 
gularly formed, mere tartar need not be 
suspected,* 

For its ores, and the reduction of the 
metals, see Obxs. 

Airrs. See Acid (Formig). 

* Afatitx. Phosphate of lime. Thia 
mineral occurs both massive' and crystal- 
lized. The crystals are six-sided prisms-, 
low, and sometimes passing into tne six^ 
aided table. Lateral edges, frequently 
truncated, and the faces smocrth. Lustre 
splendent. Translucent, rarely transpa- 
rent. Scratched by fluor spar. Brittle. 
Colours, white, wine>yellow, green, and 
red. Sp. grav. 3.1. Phosphoresces on 
coals. Electric by heat and motion. Con- 
sists of 53.7V lime + 46.25 phosphoric 
acid, by Klaproth's analysis of the variety 
called asparagus stone. It occurs in pri- 
mitive rocks; in the tin veins of the gra- 
nite of St. Ifichaers Mount, Cornwall ; 
near Chudleigh in Devonshire ; at Nantes 
in France ( in St Gothard, and in Spain ; 
and with molybdena in g^nite, near Col« 
beck, Cumberland. Phosphorite is mas- 
sive, forming great beds in the province 
of Estremadura. Yellowish- white colour. 
Dull or glimmering lustre. Semi-bardf 
Fracture, imperfect curved foliated. Brit- 
tle. Sp. grav. 2.8. Phosphorescent with 
beat. Its composition by Pelletier is 59 
lime, 34 phosphoric acid, 1 carbonic acid, 
2.5 fluoric acid, 2 silica, 1 oxide of iron, 
and 0.5 muriatic acid.* 

* Afbbztx. Earth foam; Schaumerde* 
This carbonate of lime occurs usually in % 
friable state; but sometimes solid. Co- 
lour, almost silver-white. Massive, or in 
fine particles. Shining lustre, between 
semi-metallic and pearly. Fracture, curved 
foliated. Opaque; soils a little. Very 
soft, and easily cut. Feels fine and light. 
It is usually found in calcareous veins, at 
Gera in Misnia, and Eisleben in I'huringia. 
It consists, by Bucholz, of 51.5 lime, 39 
acid, 1 water, 5.7 silica, 3.3 oxide of iron.* 

* Ap&oin. This IB commonly consider 
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ad t# to ft Vftriety of tlie gwnet; but the 

difference between these minerals is this : 
the planes of the aphme dodecahedrons 
ftre striated pandkl with their smaller di- 
Agonal, which, according' to Uaiiy, indi- 
cates the primitive form to be a cube, and 
not a dodecahedron. Its colour is deep 
orange-brown. It is opaque, and harder 
than quarts. Sp. gray, is much less than 
garnet, viz. 3.44. It consists, by l^ugier's 
analysis^ of 40 silica, 20 alumina, 14.5 
lime, 14 oxide of iron, 2 oxide of manga- 
nese, 2 silica and iron. It is fusible into a 
black glass, while garnet fuses into a black 
•namel. It is found on the river Lena in 
Siberia, and also in New Holhind.* 

* Afopbtllitx. lchth\ ophthalmtte. 
Fisheyestone. It is found both massive 
and ciystallized. It occurs in square 
fwisms^ whose solid angles are sometimes 
replaced by triangular planes, or the 
}>nsms are terminated by pyramids con- 
sisting of 4 rhomboidal planes. Structure 
lamellar ; cross fracture, fine g^ned, un- 
even. External lustre, splendent, and pe- 
culiar; internal, glistening and pearly. 
Semi-transparent, or translucent. Mode- 
rately bard, and easiK broken. Sp. gr. 
3.49. It exfoFiates, then froths, and melts 
into an opaque bead before the blow-pipe. 
It consists of 51 silica, 28 lime, 4 potash, 
17 water. Vauqtielin. It is found in the 
iron mine of Utoe in Sweden; at the cop- 
per mine of Fahlun ; at Arendahl, Faroe, 
the Tyrol ; and Dr. MacCuUoch met with 
a solitary crystal in Dunve^n, in the Isle 
•f Sky.* 

AppAnATTB. See Labohatoet. 

ApptES. See Acid (Maiic). 

Aftbous. Bodies w hich sustain th e ac- 
tion of a strong heat for a considerable 
time, without change of figure or other 
•properties, have been called apyrous ; but 
the word is seldom used in the art of 
chemistry. It is synonymous with r«- 
JractQry, 

AdUAPoxTis. This name is given to a 
weak and impure nitric acid, commonly 
used in the arts. It is distinguished by 
the terms dmible and wngle^ the single 
being only half the strength of the other. 
The artists who use these acids call tlie 
more concentrated acid, which is much 
stronger even than the double aquafortis, 
9pirit of nitre, I'his distinction appears to 
be of some utility, and is therefore not im- 
properly retained by chemical writers. 
See Acm (Nitric). 

* AiiUA Marikk. See Bbitf..* 

AdUA Rbota, or Reois. This acid, be- 
ing compounded of a mixture of the nitric 
and muriatic acids, is now termed by 
chemists nitro-muriatic acid. 

AdUA Vita. Ardent spirit of the first 
distillation has been distinguished in comr 
nerce by this name. The diatiUe» of 
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malt and molasses spirits call it lov 
wines. 

Avjiik Akba. One of the names g^ven 
to the combination of muriatic acid and 
mercury in that sULie, which is more com- 
monly known by the denomination of 
mercuriuB dutcUf cahmei^ or mild muriate 
of mercury » 

Arabic (Gum). This is reckoned the 
purest of gums, and does not g^atiy dif- 
fer from gum Senegal, vulgu'ly called 
gum seneca, which is supposed to be the 
strongest, and is on this sccount, as well 
as its greater plenty and cheapness, most^ 
ly used by calico printers and other ma- 
nufacturers. The gums of the pluro and 
cherry-tree have nearly the same qualities 
as gum arabic. Ail these substances fa- 
cilitate the mixture of oils with water. 

Arab-k Labm. It is a problem in che- 
mistry, and by no means one of the least 
importance to society, to determine what 
are the requisites which distinguish fruit^^ 
ful lands from such as are less productive. 
See Soils, and Akaltbis of Soils. 

Arror DrARs. See Silvbr. 

Archil, Abchilla, Kocxlla, Orskillb. 
A whitish lichen, g^wing upon rocks in 
the Canary and Cape Verd Islands, which 
yields a rich purple tincture, fugitive in- 
deed, but extremely beautiful. I'his weed 
is imported to us as it is gathered : those 
who prepare it for the use of the dyer, 
grind it betwixt stones, so as thoroughly 
to bniise, but not to reduce it into pow« 
der, and then moisten it occasionally with 
a strong spirit of urine, or urine itself 
mixed with quicklime : in a few days it 
acquires a purplish-red, and at length a 
blue colour; in the first state it is called 
archil, in the latter hicmus or litmus. 

The dyers rarely employ this drug by 
itself, on account of its deamess, and the 
perishableness of its beauty. The chief 
use they make of it is for giving a bloom 
to other colours, as pinks, &c. This is 
effected by passyig the dyed cloth or silk 
through hot water slightiy impregnated 
with Uie archil. The bloom thus commu- 
nicated soon decays upon exposure to the 
air. Mr. Hellot informs us, that by the 
addition of a little solution of tin, this drug 
gives a durable dye ; that its colour is at 
tiie same time changed toward a scarlet; 
and tiiat it is the move permanent, in pro- 
portion as it recedes the more from its 
natural colour. 

Prepared archil very readily ^ves out 
its colour to water, to volatile spirits, and 
to alcohol ; it is the substance principally 
made use of for colouring the spirits of 
thermometers. As exposure to tlie air 
destroys its colour upon cloth, the exclu- 
sion of the air produces a like effect in 
those hermetically sealed tubes, the spirits 
of large thermometers becoming in a few 
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ytvra eoloiuless. The Abh^ Ko11et«b* 
serves, (in the French Memoirs for the 
yeftT 1742), that the colourless spirit, upon 
breaking the tube, soon resumes its co- 
lour, and this for a number of times sue- 
cessively ; that a watery tincture of ar- 
chil, included in the tubes of thermome- 
ters, lost its colour in three days ; and 
that in an open deep vessel, it became 
colourless at the bottom, while the upper 
part retained its colour. 

A solution of archil in water, applied on 
ccrfd marble, stains it of a beautiiful violet 
or purplish4>lue colour, far more durable 
than the colour which it communicates to 
other bodies. M. du Fay says, he has 
seen pieces of marble stained with it, 
which in two years had suffered no sensi- 
ble cbang«. It sinks deep into the mar- 
ble, sometimes above an inch, and at the 
same dme spreads upon the surface, un- 
less the edgfes be bounded by wax or some 
similar-substance. It seems to make the 
marble somewhat more brittle. 

There is a considerable consumption of 
an article of this kind, manufactured in 
Glasgow by Mr- Mackintosh. It is much 
esteemed and sold by the name of cud* 
bear We have seen beautiful specimens 
of silk thus dyed, the colours of which 
were said to be very permanent of va- 
rious shades, from pink and crimson to a 
brig'ht. mazarine blue. 

Litmus is likewise used in chemistry as 
a test, either staining paper with it or by 
infusing it in water, when it is very com- 
monly, but with g^at impropriety, called 
tincture of tunuole. The persons by whom 
this article was prepared* formerly gave 
it the name of turnsole, pretending that it 
was extracted from the turnsole, heliotro- 
pium tricoecum, in order to keep its true 
source a secret. The tincture should not 
be too strong, otherwise it will have a 
violet tinge, which, however, may be re- 
moved by dilution. The light of the sun 
turns it red even in close vessels. It may 
be made with s])irit instead of water. 
This tincture, or paper stained with it, is 
presently turned red by acids : and if it 
be first reddened by a small quantity of 
vinegar, or some weak acid, its blue co- 
lour wiU be restored by an alkali. 

f Litmus gives out its colouring matter 
but feebly to strong alcohol ; and watery 
infusions -do not keep. To preserve it in 
a state for use, an imiision in weak spirit 
is best.'l' 

• Abcttzitk. See WaaFsmiTs.* 

Abubht Sptxit. See Alcohoi. 

*Arendatb. See Fistacitb.* 

Akeoxxtbr. See HTOBOXBTEn. 

Akoaim Crude tartar, in the state in 
which it is taken from the inside of wine 
vessels, is known in the shops by this 



A«»sinrATi 1)1 Amxovia, fulmimtiiif 

ttlver. 
ABoiLUkCBOVS Eabth, or Alumina. 

* AaeiLUTB. See Clat-slatb.* 
Aromatics. Plants which possess m 

fragrant smell united with pungency, and 
at the same time are warm to the taste, 
are called aromatics. Their peculiar fla^- 
vour appears to reside in their essential 
oil, and rises in distillation either with wa- 
ter or spirit. 

Abback. a spirituous liquor imported 
from the East Indies. It is chiefly mana> 
factured at Batavia, and at Goa upon the 
Malabar coast. 

* AiiRAeoTTTTB. This mineral occun 
massiv.e, in fibres of a silky lustre ; and In 
the form of fibrous branches, diverging 
from a centre, Flos-ferri, It is frequently 
crj'stallized in what appear at first sight 
to be regular six-sided prisms. On close 
inspection a longitudinal crack will be ob- 
served down each lateral face. It occurs 
also in elongated octohedrons. Lustre 
glassy, fracture foliated and fibrous. Co- 
lours greenish and pearl-gray ; often violet 
and green in the middle; and arranged ia 
the direction of the fibres, so that the 
longitudinal fibres are green, the trans- 
verse violet-blue. Double cleavage— 
translucent — refracts doubly^ scratches 
calcareous spar, and sometimes even 
glass— brittle^sp. grav. 2.90. It connsta 
of carbonate of lime, with occasionally a 
little carbonate of strontites. It is foun4 
in Arragon in Spain, at Leogany in Salz- 
burg, at Marienberg in Saxony, and Ster- 
zing in the Tyrol. In the cavities of Ba- 
salt near Glasgow. The finest specimens 
of Flos-ferri ramifications, come from the 
mines of Eisenerz in Stiria. Beautiful spe- 
cimens have been also found in the Duf* 
ton lead mines in England, i.i the work- 
ings of an old coal mine, called Lufloii- 
hill pit near Durham. It also occurs in 
the trap rocks of Scotland.* 

Absetttc, in the metallic state, is of a 
bluish white colour, subject to tarnish, 
and grows first yellowish, then black, by 
exposure to air. It is brittle, and when 
broken exhibits a laminated textare. Its 
specific g^vity is 5.763. In close vessels 
it sublimes entire at 356^ F. but bums 
with a small flame if respirabk air be pre- 
sent. 

The arsenic met with in commerce has 
the form of a white oxide. It ia brought 
chiefly from the cobalt works in Saxony, 
where zaffre is made. Cobalt ores con- 
tain much arsenic, which is driven off by 
long torrefaction . The ore is thrown into 
a furnace resembling a baker's oven, with 
a flue, or horizontal chimney, nearly two 
hundred yards long, into which the fumes 
pass, and are condensed into a grayish or 
blackish powder. This is refined by a 
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ieeoiid sablmurtkm in cloBe remth, with 
a little poUflh, to detain the imparities. 
As the heat is considerable, it melts the 
sublimed flowers into those crystalline 
masses which are met with in commerce. 
8ee Acio (Arskitio -s). 

The metal may be obtained from this, 
either by quickly fusing it together with 
twice its weight of soft soap and an equal 
quantity of alkali, and pouring it out, 
when fused, into a hot iron cone ; or by 
nixing it in powder with oil, and exposing 
it in a matrass to a sand heat. This pro- 
eess is too offensive to be performed, ex- 
cept in the open air, or where a current 
cif air carries off the fumes. The decom- 
posed oil first rises ; and the arsenic is af- 
terwards sublimed, in the form of a flaky 
metallic substance, it may likewise be 
obtuned by mixing two parts of the ar- 
senious acid with one of black flux ; put- 
ting the mixture into a crucible, with 
anc^er inverted over it, and luted to it 
with clay and sand ; and applying a red 
iieat to the lower crucible. The metal 
will be reduced, and line the inside of the 
upper crucible. 

It is among the most combustible of tlie 
Bietals, bums with a blue flame, and gar- 
lic smell, and sublimes in the state of ar- 
senious acid. 

f A very striking characteristic of this 
metal is, tiiat it stiblimes before it fiises.-t- 

Concentrated sulphuric acid does not 
attack arsenic when cold ; but if it be 
boiled upon this metal, sulphurous acid 
gas IS emitted, a small quantity of sulphur 
sublones, and the arsenic is reduced to an 
oxide. 

Nitrous acid readily attacks arsenic, and 
converts it into arsenious acid, or, if much 
be employed, into arsenic acid. 

BoiUng muriatic acid dissolves arsenic, 
but aflfects it veiy little when cold. This 
solution affords precipitates upon the ad- 
dition of alkalis. The addition of a little 
nitric acid expedites the solution; and 
this solution, fint heated and condensed in 
a close vessel, is wholly sublimed into a 
thick liquid, formerly termed butter of 
arsenic. Thrown in powder into chlorine 
gas,. it bums with a bright white flame, 
and is converted into a chloride. 

None of the earths or alkalis act upon it, 
unless ^t be boiled a lon^ while in fine 
powder, in a large proportion of alkaline 
solution. 

Nitrates detonate with arsenic, convert it 
into arsei^ic acid, and this, combining with 
the base of the nitrate, forms an arseniate, 
that remains at the bottom of the vessel. 

Muriates have no action upon it ; but if 
three p^rts of chlorate of potash be mixed 
with one part of arsenic in fine powder, 
which must be done with great precaution, 
and a veiy light hand, a rery squiU qusui« 



tity of this ndzture, placed on an ami], and 
struck with a hammer, will explode with 
flame and a considerable report ; if touch- 
ed with fire, it will burn with considerable 
rapidity ; and if thrown into concentrated 
sulphuric acid, at the instant of contact a 
flame rises into the air hke a flash of light- 
ning, which is so bright as to dazzle the 
eye. 

Arsenic readily combines with sulphur 
by fusion and sublimation, and forms a 
yellow compound called orjdmera, or a red 
called realgar. The nature of these, and 
their difference, are not accurately known, 
but Fourcroy considers the first as a com- 
bination of sulphur with the oxide, and 
the second as a combination of sulphur 
with the metal itsetf, as he found the red 
sulphuret converted into the yellow by the 
action of acids. 

Arsenic is soluble in fat oils in a boiling 
heat; the solution is black, and has the 
consistence of an ointment when cold. 
Most metals unite with arsenic; which 
exists in the metallic state in such alloys 
as possess the metallic brilliancy. 

* Iodine and arsenic unite, forming an 
iodide of a dark purple-red colour, pos- 
sessing the properties of an acid. It is 
soluble in water, and its solution forms a 
soluble compound with potash. Arsenic 
combines with hydrogen into a very nox- 
ious compound, called arsenuretted hy- 
drogen gas. To prepare it, fuse in a co- 
vered crucible, 3 parts of granulated tin, 
and 1 of metallic arsenic in powder ; and 
submit this alloy, broken in pieces, to the 
action of muriatic acid in a glass retort. 
On applying a moderate heat, the arsenu- 
retted hydrogen comes over, and may be 
received in a mercurial or water pneuma- 
tic trough. Protomuriate of Ian remains 
in the retort. When 1 of arsenic is used 
for 15 of tin, the former metal is entirely 
carried off in the evolved hydrogen. lOO 
parts of this gas contun 140 of hydrogen, 
as is proved by heating it with tin. Its 
specific gravity, according to Sir H. Davy, 
is 0.5552 ; according to Trommsdorf^ 
0.5293. Stromeyer states, that b^ a cold 
of — 32^, it condenses into a liquid. Ex- 
ploded with twice its bulk of oxyeen, wa- 
ter and oxide of arsenic are formed. When 
arsenuretted hydrogen issuing from a tube 
is set on fire, it deposites a hydruret of ar- 
senic. Sulphur, potassium, sodium, and 
tin, decompose this gas, combine with its 
metol, and in the case of sulphur, sttlphu-» 
retted hydrogen results. By subtracting 
from the specific gravity of the arsenuret- 
ted gas, that of hydrogen gas ^^ we have 
the proportion of arsenic present; 0.55520 
— 0.09716 = 0.45804 =- the arsenic in lOO 
measures of arsenuretted hydrogen ; which 
gives the proportion by weight of about 6 
arsenic to 1 aydrogea ; but Stromeyer^ 
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ftiudyaisby nitnc acid gives aboot 50 «iw 
senic to 1 by^^ogen, which is probably 
much nearer the true composition. A 
prime equivalent of hydrogen is to one of 
arsenic as 1 to 76 ; and 2 consequently as 
1 to 38. G^hlen fell a victim to his re- 
searches on this gas; and therefore the 
new experiments requisite to elucidate its 
constitution must be conducted with cir- 
cumspection. If chlorine be added to a 
mixture of arsenuretted and sulphuretted 
hydrogen, the bulk diminishes, and yellow 
coloured flakes are deposited. Concen- 
trated nitric acid occasions an explosion 
in this gas, preceded by nitrous fumes ; 
but if the acid be diluted, a silent decom- 
position of the gas is effected, , The den- 
sity of the hydrogen in this compound gas 
is 0.09716. Therefore, by Stromeyer's 
analysis, we have this proportion to cal- 
culate the specific gmvity of the gas, 
2.19 : 0.09716: : (2.19+ 106) ; 4.827 ; a 
quantity nearly 9 times greater than what 
experiment has g^ven. 

I'his gas extinguishes flame, and instant- 
Ij destroys animal life. Water has no ef- 
Kct upon it. From the experiments of 
Sir H. Davy and MM. Gay^Lussac and 
Thenaid, there appears to be a solid com- 
pound (^hydrogen and arsenic, or a hy- 
druret It is formed by acting with the 
negative pole of a voltaic batte^ on arse- 
nic plunged in water. It is reddish-brown, 
without lustre, taste, and smell. It is not 
decomposed at a heat approaching to 
dierry-red; but at this temperature it ab- 
sorbs oxygen ; while water and arsenious 
acid are formed, with the evolution of heat 
and light. The proportion of the two 
constituents is not known.* 

Arsenic is used in a variety of arts. It 
enters into metallic combinations, wherein 
a white colour is required. Glass manu* 
&cturers use it ; but its effect in the com- 
position of glass does not seem to be clear- 
ly explained. Orpiment and realgar are 
used as pigments. See Acins (Abskkic, 
andAssEirious). 

AsAFfBTiPA is obtained from a large urn- 
beUfferous plant growing in Persia. The 
root resembles a large parsnep externally, 
of a black colour : on cutting it transverse- 
ly, the assa£xtida exudes in form of a white 
thick juice, like cream ; which, from ex- 
posure to the lur, becomes yellower and 
yellower, and at last of a dark-brown co- 
lour. It ii very apt to run into putrefac- 
tion ; and hence those who collect it care- 
Ailly defend it from the sun. The fresh 
juice has an excessively strong smell, 
which grows weaker and weaker upon 
keeping: a single dram of the fresh fluid 
juice smells more than a hundred pounds 
of the dry asafoetida brought to us. The 
Persia!ns are commonly obliged to hire 
ships on purpose for its carriage, as scarce- 



ly ray <me vill receive it alonginth other 
commodities, its stench infecting eveiy 
thing that comes near it. 

'1 he common asafictida of the shops is 
(^ a yellowish or brownish colour, unctu- 
ous and tough, of an acrid or biting taste, 
and a strong disagreeable smell, resem- 
bling that of ^ai'Uc. From four ounces 
Neumann obtained, by rectified spirit, 
two ounces six drams and a half of resi- 
nous extract; and afterward, by water, 
three drams and half a scruple of gummy 
extract; about six drams and a scruple of 
earthy matter remaining undissolved. On 
applying water at first, he gained, from 
four ounces, one ounce three scruples and 
a half of gummy extract. 

Asafoetida is administered in nervous 
and hysteric afiections, as a deobstruent, 
and sometimes as an anthelmintic. A tinc- 
ture of it is kept in the shops, and it en- 
ters into the composition of the compound 
galbanum pill of the London college, the 
gum piU of former dispensatories. 

* Asbestos or AsBSSTus. A mineral of 
which there are five varieties, all more or 
less flexible and fibrous. 

1. AmUmtkua occurs in very long, fine, 
flexible, elastic fibres, of a white, greenish^ 
or reddish colour. It is somewhat unctu- 
ous to the touch, has a silky or pearly lus- 
tre, and is slightly translucent. Sectile ; 
toueh; sp. grav. from 1 to 2,3. Melts 
with difiiculty before the blow-pipe, into 
a white enamel. It is usually found in 
serpentine ; in the Tarentaise in Savoy ; 
in long and beautiful fibres, in Corsica ; 
near Bareges, in the Pyrenees ; in Dau- 
phiny and St Gotbard ; at St. Keveme, 
Cornwall ; at Portsoy, Scotland ; in mica 
slate at Glenelg, Invemesshire, and near 
Durham. It consists of 59 silex, 25 mag»- 
nesia, 9.5 lime, 3 alumina, and 2.25 oxide 
of iron.* 

The ancients manufactured cloth out of 
the fibres of asbestos, for the purpose, it 
is said, of wrapping up the bodies of the 
dead, when es^posed on the funeral pile. 
Several moderns have likewise succeeded 
in making this cloth ; the chief artifice of 
which seems to consist in the admixture 
of flax and a liberal use of oil ; both whicli 
substances are afterwards consumed by 
exposing the cloth for a certain time to a 
red heat. Although the cloth of asbestos, 
when soiled, is restored to its primitive 
whiteness by heating in the fire; it is 
found, nevertheless, by several authentic 
experiments, that its weight diminishes 
by such treatment. The fibres of asbestos, 
exposed to the violent heat of the blow- 
pipe, exhibit slight incUcations of fusion ; 
though the parts, instead of running to- 
gether, moulder away, and part fall down, 
while the rest seem to disappear before 
the current of ah*. Ignition impairs the 
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fleiSbifity of asbestos in a sBgiit de* 
gree, 

* 2. Common Mbeatus occurs m masses 
of fibres of a dull greenish colour, and of 
a somewhat pearly lustre. « Fragments 
splintery. It is scarcely flexible, and great- 
ly denser than amianthus. It is slightly 
unctuous to the touch. Sp. grav. 2.7. 
Fuses with difficulty into a g^ybh-black 
scoria. It is composed of 63.9 silica, 16 
magnesia, 12.8 lime, 6 oxide of iron, and 
1.1 alumina. It is more abundant than 
amianthus^ and is found usually in serpen- 
tine, as at PortBoy, the Isle c^ Anglesea, 
aod the Lizard in Cornwall. It was found 
in the limestone of Glentilt, by Dr. M*Cul- 
loch, in a pasty state, but it soon hardened 
by exposure to air. 

3. Mottntam Leather consists not of 
parallel fibres like the preceding, but in- 
terwoven and interlaced so as to become 
tough. When in very thin pieces it is 
called mountain paper. Its colour is yel- 
lowish-white, and its touch meagre. It is 
found at Wanlockhead, in Lanarkshire. 
Its specific gfravity is uncertain. 

4. Mountain Cork, or BUastic AnbeBtiUt 
is, like the preceding, of an interlaced 
fibrous texture ; is opaque, has a meagre 
feel and appearance, not unlike common 
cork, and like it too, is somewhat elastic. 
It swims on water. Its colours are, white, 
gray, and yellowish-brown. Receives an 
impression from the nail ; very tough ; 
cracks when handled, and melts with dif- 
ficulty before the blow-pipe. Sp. grav. 
from 0.68 to 0.99. It is composed of sili- 
ca 62, carbonate of lime 12, carbonate of 
magnesia 23, alumina 2.8, oxide of iron 3. 

5. Mountain Wood. Ligniform asbestus. 
Is usually massive, of a brown colour, and 
having the aspect of wood. Internal lus- 
tre gUmmering. Soft, sectile and tough ; 
opaque; feels meagre; fusible into a 
black slag. Sp. grov. 2.0. It is found in 
the Tyrol ; Dauphiny ; and in Scotland, 
at Glentilt, Portsoy, and Rildmmie.* 

Ashes. The fixed residue of combusti- 
ble substances, which remains after they 
have been burned, is called ashes. In 
chemistry it is most commonly used to de- 
note the residue of vegetable combustion. 

• AspABAoix. White transparent crys- 
tals, of a peculiar vegetable principle, 
which spontaneously form in asparfigus 
juice which has been evaporated to the 
consistence of sirup. They are in the form 
of rfaomboidal pnsms, hard and brittle, 
having a cool and slightly nauseous taste. 
They dissolve in hot water, but sparingly 
in cold water, and not at all in alcohol. 
On being heated they swell, and emit pen- 
etrating vapours, which affect the eyes 
and nose like wood-smoke. Their solution 
does not change vegetable blues ; nor is 
it afl^ected by hydrosulphuret of potash. 



onralate of smmonia, acetate of lead, or in" 
fusion of galls. Lime disengages ammonia 
from it ; though none is evolved by tritu- 
rating it with potash. The asparagus juice 
should be first heated to coagulate the al- 
bumen, then filtered and left to sponta- 
neous evaporation for 15 or 20 days. 
Along with the asparagfin crystals, others 
in needles of little connstency appear, 
analogous to manmte, from which the first 
can be easily picked out, Vauquelin and 
Robiquet. Annales de Chimie, vol. 55, 
and Nicholson's Journal, 15.* 

AsPHALTTX. This substance, likewise 
called Bitumen Juducum, or Jews' Pitch, 
is a smooth, hard, brittle, black or brown 
substance, which breaks with a polish, 
melts eanly when heated, and when pure 
bums without leaving any ashes. It is 
found in a soft or liquid state on the sur- 
face of the Dead 8ea,§ but by sye grows 
drv' and hard. The same kind or bitumen 
is likewise found in the earth in other 
parts of the world ; in China ; America, 
particularly in the island of Trinidad ; and 
some parts of Europe, as the Carpathian 
hills, France, Neufcnattel, &c. Its speci- 
fic gravity, according to Boyle, is 1.400,. 
to £rwan, from 1.07 to 1.65. A specimen 
from Albania, of the specific gravity of 
1.205, examined by Mr. Klaprotb, was 
found to be soluble only in oils and in 
ether. Five parts of rectified oil of petro- 
leum dissolved one of the asphaltum, 
without heat, in 24 hours. Analyzed in 
the dry way, 100 jpfrains afforded 32 of bi- 
tuminous oil, 6 of water faintly ammonia- 
cal 30 of charooal, 7} of silex, 7i of alu- 
mina, I of lime, H oxide of iron, ^ oxide 
of manganese, and 36 cubic inches of hy- 
drogfen gas. 

According to Neumann, the asphaltum 
of the shops is a very different compoimd 
from the native bitumen; and vanes, of 
course, in its properties, according to the 
nature of the ingredients made use of in 
forming it. On this account, and probably 
from other reasons, the use of asphaltum,. 
as an article of the materia medica, is al- 
most totally laid aside. 

• The Egyptians used asphaltum in em- 
balming, under the name of mumia roine- 
ralis. for which it is well adapted. It was 
used for mortar at Babylon.* 

AssAT, or EssAT. This operation con- 
sists in determining the quantity of valua- 
ble or precious metal contsuned in any 

§ In the Mem. of the Academy of Sci- 
ences of Paris for 1778, there is an analy- 
sis of the water of this sea by Messrs. Mac- 
quer, Lavoisier, and Sage ; by which it 
appears to contain 22 per cent of muriate 
of magnesia, 16^ of muriate of lime, and 
6 J of muriate of soda. Its specific gravity 
is 1.25. It is limpid, and without smell. 
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minenl or metallic mizturey by analyzing 
a small part thereof. The practical diiFer- 
ence between the analysis and the assay 
of an ore, consists in this : The analysis, 
if properly made, determines the nature 
and quantities of all the parts of the com- 
pound ; whereas, the object of the assay 
consists in ascertaining how much of the 
particular metal in question may be con- 
tained in a certain determinate quantity 
of the material under examination* Thus, 
in the assay of gold or silver, the baser 
metals are considered as of no value or 
consequence ; and the problem to be re- 
solved is simply, how much of each is con- 
tained in the ingot or piece of metal in- 
tended to be assayed. The examination 
of metallic ores may be seen under their 
respective titles ; the present article will 
therefore consist of an account of the as- 
saying of ^old and silver. 

To obtain gold or silver in a state of pu- 
nty, or to ascertain the quantity of alloy it 
may contain, it is exposed to a strong 
heat, together with lead, in a porous cru- 
cible. This operation is called cupellation, 
and is performed as follows: The preci- 
ous metal is put, together with a due pro- 
portion of lead, into a shallow crucible, 
made of burned bones, called a cupel ; 
and the fusion of the -metals is effected by 
exposing them to a considerable heat in a 
muffle, or small earthen oven, fixed in the 
midst of a furnace. The lead continually 
vitrifies, or becomes converted into a 
glassy calx, which dissolves all the imper- 
fect metals. This fluid glass, with its con* 
tent^ soaks into the cupel, and leases the 
precious metals in a state of purity. Du- 
ring the cupellation, the scoriae running 
down on all sides of the metallic mass, pro- 
duce an appearance called circulation ; by 
which the operator judges whether the 
process be going on well. When the metal 
is nearly pure, certain prismatic colours 
flash suddenly across the surface of the 
globule, which soon afterwards appears 
very brUliant and clean : this is called the 
brightening, and shows that the separa- 
tion is ended. 

Af^er gold has passed the cupel, it may 
still cont^n either of the other perfect 
metals, platina, or silver. The former is 
seldom suspected ; the latter is separated 
by the operations called- quartation and 
parting. Quartation consists in adding 
three parts of silver to the supposed goldy 
and Rising them together -, by which means 
the gold becomes at most one-fourth of 
the mass only. The intention of this is to 
separate the particles of gold from each 
other, so that they tnay not cover and de- 
fend ihe silver from the action of the nitric 
acid, which is to.be used in the process of 
parting. Parting consists in exposing the 
mass, previously hammered or rolkd out 
Vot. I. [24] 



thin, to the action of seven or eight timet 
its weight of boiling nitric acid of a due 
strength. The first portion of nitric acid 
being poured ofi^, about half the quantity, 
of a somewhat greater strength, is to be 
poured on the remaining gold ; and if it 
be supposed that this has not dissolved all 
the silver, it may even be repeated a 
second time. For the first operation an 
acid of the specific gravity of 1.280 may 
be used, diluted with an equal quantity of 
water; for the second, an acid about 1.26 
maybe taken undiluted. Iftheacidbe 
not too concentrated, it dissolves the sil- 
ver, and leaves the gold in a porous mass, 
of the original form ; but, if too strong, 
the gold is in a powdery form, which may 
be washed and dried. The weight of the 
original metal before cupeUation, and in 
all the subsequent stages, serves to ascer- 
tain the degree of fineness of the ingot, or 
ore, of which it is a part. 

In estimating or expressing the fineness 
of gold, the whole mass spoken of is sup- 
posed to weigh twenty-four carats of 
twelve ^ains each, either real, or merely 
proportional, like the assayer's weights ; 
and the pure gold is called fine. Thus, if 
gold be said to be 23 carats fine, it is to 
be understood, that, in a mass weighing 24 
carats, the quantity of pure gold amounts 
to 23 carats. 

In such small works as cannot be assay- 
ed by scraping oflTa part, and cupelling it, 
the aasayers endeavour to ascertain its 
quality or fineness by the touch. Ttiis is 
a method of comparing the colour, and 
other properties of a minute portion of 
the metal, with those of small bars, the 
composition of which is known. These 
bars are called touch-needles; and they 
are rubbed upon the black basaltesy which, 
for this reason, is called the touchstone. 
Black flint or potteiy will serve the same 
purpose. Sets of gold needles may con- 
sist of—pure gold; pure gold 23^ carats, 
with half a carat of silver ; 23 carats of 
gold, with one carat-of silver ; 22 J carats 
of gold, with li carats of silver ; and so on, 
till the silver amounts to four carats ; af- 
ter which the additions may proceed by 
whole carats. Other needles may be made 
in the same manner, with copper instead 
of silver ; and other sets may have the ad- 
dition consisting either of equal parts sil- 
ver and copper, or such proportions as 
the occasions of business require. The 
examination by the touch may be advan- 
tageously employed previous to quarta- 
tion, to indicate the quantity of silver ne- 
cessary to be added. 

In foreign countries, where trinkets and 
small work are required to be submitted 
to tile assay of the touch, a variety of 
needles are necessary ; but they are not 
much used in England. They afToFd^ how- 
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xver, a degree of information, which li 
more considei-ablc than might at first be 
expected. The attentive assay er not only 
compares the colour of the stroke made 
ii])on the touchstone by the metal under 
examination, with that produced by his 
needle ; but will likewise attend to the 
sensation of roughness, dr}'ness, smootli- 
iiess, jor greasiness, which the texture of 
the rubbed metaj excites, when abraded 
by the stone. When two strokes, perfect- 
ly alike in colour, are made upon the 
stone, he may then wet them with aoua- 
fortis, which will affect them very differ- 
ently, if they be not similar compositions ; 
or the stone itself may be made red-hot by 
the fire, or by tlie blow-pipe, if thin black 
pottery be used ; in which case the phe- 
nomena of oxidation will differ, according 
to the nature and quantity of the alloy. 

The French government has from time 
to time caused various experimental in- 
quiries to be made respectmg the art of 
assaying gold, which have tlirown much 
light on this subject, and greatly tend to 
produce uniformity in the results of the 
operation. The latest report on this sub- 
ject may be seen in the Annales de Chi- 
mie, vol. vi. p. 64.; which may be con- 
sulted for a full account of the experi- 
ments and history of former proceedmgs. 
The general result is as follows, nearly in 
the words of the authors : 

Six principal circumstances appear to 
affect the operation of parting: namely, 
the quantity of acid used in parting, or m 
the first boiling; the concentration of this 
acid ; the time employed in its applica- 
tion ; the quantity of acid made use of in 
the reprise, or second operation ; its con- 
centration ; and the time during which it 
is applied. From the experiments it has 
been shown, that each of these unfavour- 
able circumstances might easily occasion 
a loss of from the half of a thirty-second 
pail of a carat, or two thirty-second parts. 
The writers explain their technical lan- 
guage by observing, tliat, the whole mass 
cons'isting of twenty-four carats, this thir- 
ty-second part denotes l-768th part of the 
mass. It may easily be conceived, there- 
fore, that if the whole six circumstances 
were to exist, and be productive of errors 
falling the same way, the loss would be 
very considerable. 

It is therefore indispensibly necessary, 
that one uniform process should be fol- 
lowed in the assays of rold ; and it is a 
matter of astonishment, that such an acca- 
rate process should not have been pre- 
scribed by Government for assayers in an 
operation of such great commercial im- 
portance, instead of every one being left 
to follow his own judgment. The pro- 
cess recommended in the report before 
us is as follows :— 



Twelve grains of the gold intended fb^ 
be assayed must be mixed with thirty grainS' 
of fine silver, and cupelled with 108 graiiis»§ 
of lead. The cupellation must be carefiilly 
attended to, and sdl the imperfect buttons 
rejected. When the cupellation is end- 
eo, the button must be reduced by lami- 
nation into a plate of 1 J inch, or rather 
more, in length, and four or five lines in 
breadth. Tliis must be rolled up upon a 
quill, and placed in a matrass capable of 
holding about three ounces of liquid, when 
filled up to its narrow part. Two ounces 
and a half of very pure aquafortis, of the 
strength of 20 degrees of Baum^'s areo- 
meter, must then be poured upon it; and 
the matrass being placed upon hot ashes 
or sand, the acid must be kept gently boil- 
ing for a quarter of an hour ; the acid 
must then be cautiously decanted and an 
additional quantity of 1| ounce, must be 
poured on the metal, and slightfy boiled 
for twelve minutes. This beinglikewise 
carefully decanted, the small spiral piece 
of metal must be washed with filtered ri- 
ver water, or distilled water, by filling* the 
matrass with tliis fluid. The vessel is then 
to be reversed, by applying the extremi- 
ty of its neck agfsdnst the bottom of a cru- 
cible of fine eaith, th^ internal surface of 
which is very smooth. The annealing 
must then be made, afler having separated 
the portion of water which had fallen into | 
the crucible; and, lastiy the annealed 
gold must be weighed. For the certsdnty , 
of this operation, two assays must be made 
in the same manner, together with a t&ird ' 
assay upon gold of twenty-four carats, or 
upon gold tlie fineness of which is perfect- 
ly and generally known. 

No conclusion must be drawn from this 
assay, unless the latter gold should prove 
to be of the fineness of twenty-four carats j 
exactly, or of its known degree of fine- 
ness; for if there be either loss or surplus, 
it may be inferred that the other two as- 
says, having undergone the same opera- 
tion, must be subject to the same error. 
The operation being made according to 
this process, by several assayers, in cir- 
cumstances of importance^ such as those 
which relate to large fabrications, the fine- 
ness of the gold must not be depended 
on, nor considered as accurately known, 

§ 1^ gross. Though these doses of sil- 
ver and lead appeared to be proper for all 
operations of assaying gold, the commissa- 
ries observe, nevertiieless, that gold of 
a lower title than eighteen carats may be | 
iflloyed with two parts, and even less, of 
silver ; in order that the small mass of me- 
tal, when it comes to be laminated,roay n«t 
be too thin, so as to break in pieces durii^ ' 
the parting. 
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KiT^ss all the assay ers have obtained a uni- 
form result, without communicatioii with 
each other. The authors observe, however, 
that tills identity must be considered as 
existing to the accuracy of iialf of the 
thirty-second part of a carat. For not- 
withstanding every possible precaution or 
uniformity, it very seldom happens that an 
absolute agreement is obtained between 
the diiferent assays of one and the same 
iogot, because the ingot itself may differ 
in its fineness in different parts of its mass. 

I'he assapring of silver does not differ 
from that ok gold, excepting that the part- 
ing operation is not necessary. A cer- 
tain small portion of the silver is ab- 
sorbed by the cupel, and the more when 
a larger quantity of lead is used, un- 
less me quantity of lead be excessive ; 
in which case most of it will be scori- 
fied before it begins to act upon the 
silver. Messrs. Hellot, Tillet, and Mac- 
quer, from their experiments made by or- 
der of the French Government, have as- 
certained, that four parts of lead are re- 
quisite for silver of eleven pennyweights 
twelve g^ns fine, or containing this 
weight of pure silver, and twelve grains 
of alloy^ in twelve pennyweights; six 
parts of lead for silver of eleven pen- 
ay weights ; eight paits of lead for silver 
of ten pennyweights ; ten parts of lead for 
silver of nine pennyweights ; and so on in 
the same progression. 

AsTRisroKKT PjtiirciPLK. The effect 
called astnngency, considered as distin- 
guishable by the taste, is incapable of be- 
ing defined. It is perceived in the husks of 
nuts, of walnuts, in green tea, and emi- 
nently in the nut-gall. This is probably 
owing to the circumstance, that acids have 
likewise the property of corrugating^ tlie 
fibres of the mouth and tongue, which is 
considered as characteristic of astnngency 
as it relates to taste ; and hence the gallic 
acid, which is commonly found united 
with the true astringent principle, was long 
mistaken for it. Seguin first distinguished 
them, and, from the use of this principle 
in tanning skins, has given it the name of 
timmru Their characteristic differences 
ai£, the g^ic acid forms a black precipi- 
tate with iron ; the astringent principle 
forms an insoluble compound with albu- 
men. See TAiririir. 

ATBAiroB. A kind of furnace, which 
has long since fallen into disuse. The 
very long and durable operations of the 
ancient chemists rendered it a desirable 
requisite, that their fires should be con- 
stantly supplied with fuel in proportion to 
the consumption. The athanor furnace 
was peculiarly adapted to this purpose. 
Beside the usual parts, it was provided 
with a hollow tower, into which charcoal 
was put. The upper part of the tower. 



when filled, was closely shut by a well- 
fitted cover; and the lower part commu- 
nicated with the fire-place of the furnace. 
In consequence of this disposition, the 
charcoal subsided into the fire-place gra- 
dually as the consumption made room for 
it; but that which was contained in the 
tower was defended from combustion by 
the exclusion of a proper supply of air. 

* Atmoxsteb. The name of an instru- 
ment contrived by Professor Leslie, to 
measure the quantity of exhalation from 
a humid surface in a given time. It con- 
sists of a thin ball of porous earthen-ware, 
two or three inches in diameter, with a 
small neck, to which is firmly cemented a 
long and rather wide tube of glass, bear- 
ing divisions, each of tliem corresponding 
to an internal annular section, equal to a 
film of liquid that would cover the outer 
surface of the ball to the thickness of the 
thousandth part of an inch. These divi- 
sions are ascertained by a simple calcula- 
tion, and numbered downwards to the ex- 
tent of 100 or 200. To the top of the tube 
is fitted a brass cap, having a collar of lea- 
ther, and which, after the cavity has been 
filled with distilled or boiled water, is 
screwed tight. The outside of the ball 
being now wiped dry, the instrument is 
suspended out of doors, and exposed -to 
the free action of the air. The quantity 
of evaporation from a wet ball is the same 
as from a circle having twice the diameter 
of the sphere. In the atmometer, the 
humidity transudes through the porous 
substance, just as fast as it evaporates 
from the external surface ; and this waste 
is measured by the corresponding descent 
of water in the stem. At the same time, 
the tightness of the collar taking off the 
pressure of the column of liquid, prevents 
It from oozing so profusely as to drop from 
the ball ; an inconvenience which, in the 
case of very feeble evaporation, might 
otherwise take place. As the process 
£^oes on, a corresponding portion of air is 
hkewise imbibed by the moisture on the 
outside, and being introduced into the 
ball, rises in a small stream to replace the 
water. The rate of evaporation is nowise 
affected by the quality of the porous ball. 
It continues exactly the same when the 
exhaling surface appears almost dry, as 
when it glistens with superfluous mois- 
ture. When the consumption of water is 
excessive, it may be allowed to percolate 
by unscrewing the cap, taking care, how- 
ever, to let no drops fall.* Leslie on Heat 
and Moisture, 

ATMOsPUEas. See Am (Atmospheri- 
cal). 

• Atomic Theoat. See EauiVAtENTs 
(Chkxical).* 

• Atropii. a new vegetable alkali, 
extracted by Dr. Bi-andes from the Atropa 
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beUadmnaf or deadly nightshade. It is 
white, blatant, crystallizes in lonp nee- 
dles, is tasteless, and little soluble m wa- 
ter or alcohol. It re^ts a moderate heat. 
With acids, it forms regular salts, and is 
capable of neutralizinK aconuderable pro- 
portion of add. Sulphate of atropia is 
composed of. 

Sulphuric acid, 36.52 5.00 
Atropia, 38.93 5.33 

Water, 24.55 

lOO.OO.* 
Attvactiov. The instances of attrac- 
tion which are exhibited by the phenome- 
na around us, are exceedingly numerous, 
and continually present themselves to our 
observation. The effect of pavity, which 
causes the weight of bodies, is so universal, 
that we can scarcely form an idea how the 
universe could subsist without it. Other 
»ttractionfl^ such as those of magnetism 
and electricity, are likewise observable ; 
and every experiment in chemistrir tends 
to show, that bodies are composed of va- 
rious principles or substances, which ad- 
here to each other with various degrees 
offeree, and may be separated by known 
methods. It is a question among philo- 
sophers, whether all the attractions which 
obtain between bodies be referable to one 
general cause modified by circumstances ; 
or whether various original and distinct 
causes act upon the particles of bodies at 
one and the same time. The philosophers 
at the beginning of the present century 
were disposed to consider the several at- 
tractions as essentially different, because 
the laws of their action differ from each 
other ; but the moderns appear disposed 
to generalize this subject, and to consider 
all the attractions which exist between 
bodies, or at least those which are perma- 
nent, as depending upon one and the 
same cause, whatever it may be, which re- 
gulates at once the motions of the im- 
mense bodies that circulate through the 
celestial spaces, and those minute parti- 
cles that are transferred from one combi- 
nation to another in the operations of che- 
mistry. The earlier philosophers ob- 
served, for example, that the attraction of 
gravitation acts upon bodies with a force 
which is inversely as the squares of the 
distances; and from mathematical deduc- 
tion they have inferred, that the law. of at- 
traction between the particles themselves 
follows the same ratio; but when their 
observations were applied to bodies very 
near each other, or in contact, an adhesion 
took place, which is found to be much 
greater than could be deduced from that 
law applied to the centres of gravity. 
Hence they concluded, that the cohesive 
attraction is governed by a much higher 
ratio, and probably the cubes of the dis- 



tances. The modems, on the contrary^ 
among whom are Bergmann, Gu3rton-Mor- 
veau, and others, have remarked, that 
these deductions are too general, because* 
for the most part, drawn from the conride* 
ration of spherical bodies, which admit of 
no contact but such as is indefinitely small, 
and exert the same powers on each other, 
whichever side may be obverted. They 
remark, likewise, that the consequence 
depending on the sum of the^ attractions 
in bodies not spherical, and at minute 
distances from each other, will not follow 
the inverted ratio of the s(}uare of the dis- 
tance taken from any point assumed as 
the centre of g^vity, admitting the parti- 
cles to be governed by that law ; but that 
it will greatly differ, according to the sides 
of the solid which are presented to each 
other, and their respective disUnces; in- 
somuch that the attractions of certun par- 
ticles indefinitely near each other will be 
indefinitely increased, though the ratio of 
the powers acting upontlie remoter parti- 
cles may continue nearly the same. 

This doctrine, which however requires 
to be much more strictiy examined by the 
application of mathematical principles, 
oDviously points to a variety of interesting 
consequences. The polanty of particles^ 
or their dispontion to present themselves 
in their approach to each other in certain 
aspects, thou^ it has been treated as a 
chimerical notion by a few writers, ts one 
of the first of these results. 

These are speculations, which, with re- 
gard to the present state of chembtiy, 
stand in much the same situation as the 
theory of gravity, which is minutely de- 
scribed in Plutarch, did with regard to as- 
tronomy before the time of Newton. As 
the celestial phenomena were formerly ar- 
ranged from observation merely, but are 
now computed from the physical cause, 
gravitation; so, at present, chemistry is 
the science of matter offset duly arranged, 
without the assistance of any extensive 
theory immediately deduced from the fi- 
gures, volumes, densities, or mutual ac- 
tions of the particles of bodies. What it 
may hereafter be, must depend on the 
ability and research of future chemists; 
but at present we must dismiss this remo- 
ter part of theory, to attend more imme- 
diately to the facts. 

That the parts of bodies do attract each 
other, is evident from that adhesion which 
produces solidity, and requires a certain 
force to overcome it. For the sake of per- 
spicuity, the various effects of attraction 
have been considered as different kinds of 
affinity or powers. That power which 
physical writers call the attraction of co- 
hesion, is generally called the attraction 
of aggregation by chemists. Agj^gation 
is considered as the adhesion of puts of 
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the Mine Idnd. Thus a number of pieces 
of brimstone united by fusion, form an ag^- 
gregate, the parts of which may be sepa- 
rated ^ain by mechanical means. These 
parts have been called integrant parts ; 
that is to say, the minutest parts into 
which a body can be divided, either really 
or by the imag^ation, so as not to change 
its nature, are called integprant parts. 
Thus, if sulphur and an alkali be combined 
together, and form liver of sulphur, we 
may conceive the mass to be divided and 
subdivided to an extreme degree, until at 
length the mass consists of merely a par- 
ticle of brimstone and a paricle of alkali. 
This then is an integrant part ; and if it be 
divided further, the effect which chemists 
<»11 decomposition will take place; and 
the particles consisting no longer of liver 
of sulphur, but of siuphur alone, and al- 
kali alone, will be what chemists call com- 
ponent parts or principles. 

The union of bodies in a gfross way is 
called mixture. Thus sand and an alkali 
may be mixed together. But when the 
very minute parts of a body unite with 
those of another so intimately as to form a 
body, which has properties different from 
those of either of them, the union is called 
combination, or composition. Thus, if 
sand and an alkali be exposed to a strong 
heat, the minute parts of the mixture com- 
bine, and form glass. 

The earlier chemists were veiy de^rous 
of ascertaining the first principles, or ele- 
ments of bodies ; and they distineuished 
by this name such substances as their art 
was incapable of rendering more simple. 
They seem however to have overlooked 
the obvious circumstance, that the limits 
of art are not the limits of nature. At pre- 
sent we hear little concerning elements. 
Those substances which we have not 
hitherto been able to analyze, or which, if 
decomposed, have hitherto eluded the ob- 
Bervation of chemists, are indeed con- 
sidered as simple substances relative to 
the present state of our knowledge, but 
in no other respect ; for a variety of ex- 
periments give us reason to hope, that 
future enquiries may elucidate their na- 
ture and composition. Some writers, cal- 
ling these simple substances by the name 
of Primary Principles, have distinguished 
compounds of these by the name of Se- 
condary Principles, which they suppose 
to enter again into combinations without 
decomposition or change. It must be 
confessed, nevertheless, that no means 
have yet been devised to show whether 
any such subortUnation of principles ex- 
ists. We may indeed discover that a com- 
pound body consists of three or more prin- 
ciples; but whether two of these be pre- 
viously united, so as to form a simple sub- 
stance with relation to the third, or what 



in other ro^tects may be their axftngv* 
ment, we do not know. That it does ex« 
ist, however, seems clear by making com- 
binations in varied orders. . Thus a weak 
solution of alkali will not dissolve oil ; but 
a combination of oil and alkali will not 
separate by the addition of water. The 
alkali therefore adheres to that with which 
it was first combined. See also the article 

YseETABLXS. 

If two solid bodies, disposed to combine 
together, be brought into contact with 
each other, the particles which touch will 
combine, and form a compound ; and if 
the temperature at wluch tnis new com- 
pound assumes the fluid form be higher 
than the temperature of the experiment^ 
the process will go no further, because 
this new compound bein^ interposed be- 
tween the two bodies, will prevent their 
fVirther access to each other; but if, on 
the contrary, die freezing point of the 
compound be lower than this temperature^ 
liquefaction will ensue ; and the fluid par- 
ticles being at liberty to arrange them- 
selves according to uie law of their at» 
tractions, the process will go on, and the 
whole mass will g^vdually be converted 
into a new compound in the fluid state. 
An instance of tnis may be exhibited by 
mixing common salt and peVfectly dry 
pounded ice together. The crystals of 
the salt alone wQl not liquefy unless very 
much heated ; the crystals of the water» 
that is to say, the ice, will not liquefy un- 
less heated as high as thirty-two degrees 
of Fahrenheit ; and we have of course 
supposed the temperature of the experi- 
ment to be lower than this, because our 
water is in the solid state. Now it is a 
well known fact, that brine, or the satu- 
rated solution of sea salt in water, cannot 
be frozen unless it be cooled thirty-eight 
degrees lower than the freezing point of 
pure water. It follows then, fliai, if the 
temperature of the experiment be higher 
than this, the first combinations of salt and 
ice will produce a fluid brine, and the 
combination will proceed until the tem- 
perature of the mass has gradually sunk 
as low as the freezing point of brine ; af- 
ter which it would cease, if it were not 
that surrounding bodies continually tend 
to raise, the temperature. And according- 
ly it is found by experiment, that, if the 
ice and the salt be previously cooled be- 
low the temperature of freezing brine, 
the combination and liquefaction will not 
take place. See Caloric. 

The instances in which solid bo^es thus 
combine together not being very nume- 
rous, and the fluidity which ensues imme- 
diately after the commencement of this 
kind of experiment, have induced several 
chemists to consider fluidity in one or 
both of the bodies applied to each other. 
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to be a necettaiy circaniitaiieey ia older 
that they may produce chemical action 
upon each other. Corpora won agunu md 
tmt Jkdda. 

U one of two bodiea applied to each 
other be fluid at the temperature of the 
eKpeiiment, iti parts will succeasively 
unite with the parts of the solid, which 
will by that means be suspended in the 
fluid, and disappear. Such a fluid is called 
a solvent or menstruum; and the solid 
body is said to be dissolved. 

Some substances unite together in all 
proportions. In this way the acids unite 
with water. But there are likewise many 
substances which cannot be dissolved in a 
fluid, at a settled temperature, in any 
quantity beyond a certain proportion. 
Thus, water will dissolve only about one* 
third of its weight of common salt; and 
if more salt be added, it will remain so- 
lid. A fluid which holds in solution as 
much of any substance as it can dissolve, 
is said to be saturated with it. But satu* 
ration with one substance is so far from 
preventing^ a fluid from dissolving^ another 
Dody, that it very frequently happens, 
that the solvent power of the compound 
exceeds that of the original fluid itself. 
Chemists likewise use tiie word saturation 
in another sense; in which it denotes, 
such a union of two bodies as produces a 
compound the most remote in its proper- 
ties from the properties of the component 
parts themselves. In combinations where 
one of the principles predominates, the one 
is said to be supersaturated, and the other 
principle is said to be subsaturated. 

Heat in general increases the solvent 
power of fluids, probably by preventing 
part of the dissolved substance from con- 
gealing, or assuming the solid form. 

It often happens, that bodies which have 
no tendency to unite are made to combine 
together by means of a third, which is 
then called the medium. Thus, water and 
fat oils are made to unite by the medium 
of an alkali, in the combination called 
soap. Some writers, who seem desirous 
of multiplying terms, call this tendency to 
unite the afirdty of intermedium. This case 
has likewise been called ditpodng mffifdty ; 
but Berthollet more properly styles it rc- 
ciprocal affinity. He likewise distin^ish- 
es aflinity into elementary^ when it is be- 
tween the elementary parts of bodies ; 
wn.^ renMngf when it is to a compound 
only, and would not take place with the 
elements of that compound. 

It very frequently happens, on the con- 
trary, that the tendency of two bodies to 
unite, or remain in combination together, 
is weakened or destroyed by the addition 
of a third. Thus, alcohol unites with wa- 
ter in such a manner as to separate most 
salts from it. A striking instance of this 



is seen in a ntumted or strong sdlutioB of 
nitre in water. If to this there be added 
an equal measure of alcohol^ the greater 
part of the nitre instantlv faUs down. 
Thus magnesia is separated from a solu- 
tion of Epsom salt, by the addition of an 
alkali, which combines with the sulphuric 
acid, and separates the earth. The prin- 
ciple which falls down is said to be pre- 
cipitated, and in many instances is called 
a precipitate. Some modem chemists use 
the term precipitation in a more extended* 
and rather forced sense; for they apply it 
to aU substances thus separated. In this 
enunciation, therefore, they would say, 
that potash precipitates soda from a solu- 
tion of common salt, though no visible 
separation or precipitation takes place; 
for the soda, when disengaged from its 
acid, is still suspended in the water by 
reason of its solubility. 

From a great number of facts of this na- 
ture, it is clearly ascertained, not as a pro- 
bable hypothesis, but as simple matter of 
fact, that some bodies have a stronger ten- 
dency to unite than others ; and that the 
union of any substance with another will 
exclude, or separate, a third substance, 
which might have been previously united 
with one of them ; excepting only in those 
cases wherein the new compound has a 
tendency to unite with that third sub- 
stance, and form a triple compound. I'his 
preference of uniting, which a given sub- 
stance is found to exhibit with regard to 
other bodies, is by an easy metaphor call- 
ed elective attraction, and is subject to a 
variety of cases, according to the number 
and the powers of the principles which are 
respectively presented to each other. The 
cases which have been most frequently 
observed by chemists, are those called sim- 
ple elective attractions, and double elec- 
tive attractions. 

When a simple substance is presented 
or applied to another substance compoun- 
ded of two principles, and unites wiUi one 
of these two principles so as to separate 
or exclude the other, this efiect is «ud to 
be produced by simple elective attrac- 
tion. 

It may be doubted whether any of our 
operations have been carried to this de- 
gree of simplicity. All the chemical prin- 
ciples we are acquainted with are simple 
only with respect to our power of decom- 
posing them; and the daily discoveries of 
our contemporaries tend to decompose 
those substances, which chemists a few 
vears a^ considered as simple. Without 
insistirig, however, upon this difficulty, we 
may observe, that water is concerned in 
all the operations which are called humid, 
and beyond a doubt modifies all the effects 
of such bodies as are suspended in it; and 
the vaiiatioDSk of temperature, whether 
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«risingr from an actui^ igneous fluid/ or 
from a mere modification of the ports of 
bodies, sdso tend greatly to disturb the ef- 
fects of elective attraction. These causes 
render it difficult to point out an example 
of nmple elective attraction, which may 
in strictness be reckoned as such. 

Double elective attraction takes place 
when two bodies, each consisting of two 
principles, are presented to each other, 
and mutually exchange a principle of each ; 
by which means two new bodies, or com- 
pounds, are produced, of a different na- 
ture from the original compounds. 

Under the same limitations as were 
pointed out in speaking of simple elective 
attraction, we may offer instances of dou- 
ble elective attraction. Let oxide of mer- 
cury be dissolved to saturation in the ni- 
tric acid, the water will then contain ni- 
trate of mercury. Agidn, let potash be 
dissolved to saturation in the sulphuric 
acid, and the result will be a solution of 
sulphate of potash. If mercury were ad- 
ilea to the latter solution, it would indeed 
tend to unite with the acid, but would pro- 
duce no decomposition ; becausethe elec- 
tive attraction of llie acid to the alkali is 
the strongest. So likewise, if the nitric 
acid alone be added to it, its tendency to 
unite with the alkali, strong as it is, will 
not effect any change, because the alkali 
is already in combination with a stronger 
acid. But if the nitrate of mercury be 
added to the solution of sulphate of pot- 
ash, achang^e ofprinciples will take place, 
the sulphuric acid will quit the alkali, and 
unite with the mercury, while the nitric 
acid combines with the alkali ; and these 
two new salts, namely, nitrate of potash, 
and sulphate of mercury, may be obtained 
separately by crystallization. 

The most remarkable circumstance in 
this process is, that the joint effects of the 
attractions of tibe sulphuric acid to mercu- 
ly, and the nitric acid to alkali, prove to 
be stronger than the sum of the attractions 
between the sulphuric acid and the alkali, 
and between the mtrous acid and the mer- 
cury ; for, if the sum of these two last had 
not been weaker, the original combinations 
would not have been broken, f 

f The influence of insolubility and of 
gravity is here too much overlooked. It 
is a general law, that when compounds are 
mixed, new combinations will take place 
between those substances, which, when 
united, are most insoluble. The mercury 
is of itself perfectly insoluble, and it is 
many times heavier than potash or nitric 
acid. The sulphuric acid is much heavier 
than the nitric, and forms with mercury 
an insoluble salt. Hence the superior 
affinity of the nitric acid and potash to 
water, as well as gravitation, tends to pre- 
cipitate the sulphate of mcrcur}'. 



Bfr. Kirwan, who first, in the year 1782, 
considered this subject with that attention 
it deserves, called the afiinities which tend 
to preserve the original combinations, the 
quiescent affinities. He distinguished the 
affinities or attractions, which tend to pro- 
duce a change ofprinciples, by the name 
of the divellent affinities. 

Some eminent chemists are disposed t» 
consider as effects of double affiiuties, 
those changes of principles only, whidti 
would not have taken place without the 
assbtance of a fourth principle. Thus, 
the mutual decomposition of sulphate of 
soda and nitrate of potash, in which the 
alkalis are changed, and sulphate of potash 
and nitrate of soda are produced, is not 
considered by them as an instance of dou- 
ble decompoffltion ; because the nitre 
would have been decomposed by simple 
elective attraction, upon the addition of 
the acid only. 

There are various circumstances whicAi 
modify the effects of elective attraction, 
and have from time to time misled che- 
mists in their deductions. The chief of 
these is the temperature, which, acting 
differently upon the several parts of com- 
pounded bodies, seldom fails to alter, and 
frequently reverses the effects of the af- 
finities. Thus, if alcohol be added to a 
solution of nitrate of potash, it uiutes with 
the water, and precipitates the salt at a 
common temperature. But if the tempe- 
rature be raised, the alcohol rises on ac- 
count of its volatility, and the salt is again 
dissolved. Thus ag^in, if sulphuric acid 
be added, in a common temperature, to a 
combination of phosphoric acid and lime, 
it will decompose the salt, and disengage 
the phosphonc acid ; but if this same mix- 
ture of these principles be exposed to a 
considerable heat, the sulphuric acid will 
have its attraction to the lime so much di- 
minished, that it will rise, and g^ve place 
again to the phosphoric, which will com- 
bine with the lime. Again, mercury kept 
in a degree of heat very nearly equal to 
volatilizing it will absorb oxygen, and be- 
come converted into the red oxide for- 
merly called precipitate^ »e ,• but if the 
heat be augmented still more, the oxygen 
wUl assume the elastic state, and fly oflv 
leaving the mercury in its orig:inal state. 
Numberless instances of the like nature 
continually present themselves to the ob- 
servation of chemists, which are sufficient 
to establish tlie conclusion, that the elec- 
tive attractions are not constant but at one 
and the same temperature. 

Many philosophers are of opinion, that 
the variations produced by chang;e of tem- 
perature arise from the elective attraction 
of the matter of heat itself. But there 
are no decisive experiments either in coi|- 
firmation or refutation of this hypotheua. 

If we except the operation of heiit. 
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irittch rea&jT produces « cbange in the 

elective attractions, we shall find, that 
most of the other difficulties attending^ this 
eubject arise from the imperfect state of 
chemical science. If to a compound of 
two principles a third be ad^ed,. the effect 
of this must necessarily be different ac- 
cording to its tjuantity, and likewise ac- 
COTdin|[ to the state of saturation of the 
two principles of the compounded bod^. 
If the third principle which is added be m 
excess, it may dissolve and suspend the 
compound which may be newly formed, 
and likewise that which might have been 
precipitated. The metallic solutions, de- 
composed by the addition of an alkali, af- 
ford no precipitate in various cases when 
the aUuii is m excess; because this ex- 
cess ^ssolves the precipitate, which would 
else have fallen down. If, on the other 
hand, one of the two principles of the 
compound body be in excess, the addition 
cf a third substance may combine with that 
excess, and leave a neutral substance, ex- 
lubiting very different j>roperties from the 
former. Thus, if cream of tartar, which is 
a salt of difficult solubiUty, consbting of 
potash united to an excess of the acid of 
tartar, be dissolved in water, and chalk be 
added, the excess unites with part of the 
lime of the chalk, and forms a scarcely so- 
luble salt; and the neutral compound, 
which remains ai'ter the privation of this 
excess of acid, is a very soluble salt, great- 
ly differing in taste and properties from 
the cream of urtar. The metals and the 
acids likewise afford various phenomena, 
according to their degree of oxidation. A 
determinate oxidation is in general neces- 
saiy for the solution of metals in acids ; 
jind the acids themselves act very differ- 
ently, accordingly as they are more or less 
acidified. Thus, the nitrous acid gives 
place to acids wh^:h are weaker than the 
nitric acid : the sulphurous acid gives 
place to acids greatly inferior in attractive 

Sower or affinity to the sulphuric acid. The 
eception arising from effects of this na« 
. ture is in a great measure produced by 
the want of diiscrimination on the part of 
chemical philosophers ; it being evident, 
that the properties of any compound sub- 
stance depend as much upon the propor- 
tion of its ingredients, as upon their re- 
spective nature. 

The presence and quantity of water is 
probably of more consequence than is yet 
supposed. Thus, bismuth is dissolved in 
nitrous acid, but falls when the water h 
much in quantity. The same is true of 
antimony. Ribaucouthas shown the last 
(Annales de Chimie, xv. 122.) in alum, 
and it is likely that the fact is more com- 
mon than is suspected. Whether the at- 
traction and strength, as to quantity in 
saturation, be not variable by the presence 



or absence of water, must be referred ta 
experiment. 

The power of double elective attrac- 
tions too, is disturbed by this circumstance. 
If muriate of lime be added to a solution 
of carbonate of soda, they are both decom- 
posed, and the results are muriate of soda 
and carbonate of lime. But if lime and 
muriate of soda be mixed with just water 
sufficient to make them into a paste, and 
this be exposed to the action of carbonic 
acid gas, a saline efflorescence consisting 
of carb<»iate of soda will be formed on the 
surface, and the bottom of the vessel will 
be occupied by muriate of lime in a state 
of deliquescence. 

M. Berthollet made a great number of 
experiments, from which he deduced the 
following law: — that in elective attrac- 
tions the power exerted is not in the ratio 
of the affinity simply, but in a ratio com- 
pounded qS Uie force of affinity and the 
quantity of the agent;. so that quantity 
may compensate for weaker affinity. Thus 
an acid which has^a weaker affinity than 
another for a given base, if it be employed 
in a certain quantity, is capable of taking 
part df that base fi^m the acid.which has 
a stronger affinity for it ; so that the base 
will be divided between them in the com- 
pound ratio of their affinity and quantity. 
This division of one substance between 
two others, for which it has different af- 
finities, always takes pkce, according to 
him, when three such are present under 
circumstances in which they can mutual^ 
act on each other. And hence It is, that 
the force of affinity acts most powerfully, 
when two subftance» first come into con- 
tact, and continues to decrease in power 
as either approadies the point of satura- 
tion. For the same reason it is so diffi- 
cult to separate the last portions of any 
substance adhering to another. Hence, 
if the doctrine laid down by M. Berthollet 
be true, to its utmost extent, it must be 
impossible ever to free a compound com- 
pletely from any one of its constituent 
parts by the agency of elective attraction ; 
so that all our best established analyses 
are more or less inaccurate. 

The solubility or insolubility of princi- 
ples, at the temperature of any experi- 
ment, has likewise tended to mi^ead 
chemists, who have deduced consequen- 
ces from the first effects of their experi- 
ments. It is evident, that many separations 
may ensue without precipitation; because 
this circumstance does not take place un- 
less the separated principle be insoluble, 
or nearly so. The soda cannot be preci- 
pitated from a solution of sulphate of soda, 
by the addition of potash, because of its 
great solubility ; but, on the contrary, the 
new compound itself, or sulphate of pot- 
aah, which is muchless soluble, may fall 
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^owB, if there be not enongli water pre- 
sent to suspend it. No certain knowledge 
•an therefore be derived from the appear- 
ance or the want of precipitation, unless 
the products be carefully examined. In 
some instances all the products remain 
suspended, and in others they all fall 
down, as may be instanced in the decom- 
position of sulphate of iron by lime. Here 
the acid unites with the lime, and forms 
sulphate ol'lime, which is scarcely at ail 
soluble ; and the still less soluble oxide 
of iron, which was disengaged, fails down 
along with it. 

Many instances present themselves, in 
which decomposition does not take place, 
but a sort of equilibrium of affinity is per- 
ceived. Thus, soda, added to the supei> 
tartrate of potash, forms a triple salt by 
•ombining with its excess of acid. So 
fikewise ammonia combines with a por- 
tion of the acid of muriate of mercury, 
and forms the triple compound formerly 
distinguished by the barbarous name of 
sal alembrotfa. 

When we reflect maturely upon all the 
flixcumstances enumerated, or slightly 
touched upon, in the foregoing pages, we 
say form some idea of the extensive field 
of research, which yet remains to be ex- 
plored by chemists. If it were possible to 
procure mmple substances, ana combine 
two together, and to this combination of 
two to add one more of the other simple 
aabstances, the result of the experiment 
would in many cases determine, by the 
exelusion of one of the three, that its af- 
finity to either of the remaining two was 
less than that between those two respec- 
tively. In this way it would be ascertain- 
ed, in the progress of experimental in- 
quiry, that the simple attractions of a se- 
nes of substances were gradually increas- 
ing or diminishing in strength. Thus, am- 
monia separates alumina from the sulphu- 
ric aidd s magnena, in like manner, sepa* 
Tates the ammonia ; lime predonunates, in 
the strength of affinity, over magnesia, as 
appears by its separating this last earth ; 
the soda separates the lime, and itself 
gives place to the potash; and, lastly, 
potash yields its acid to barytes. The sim- 
ple elective attractions of these several 
substances to sulphuric acid, aretheref<»« 
in the inverted order of their effects : 
baiytes is the strongest ; and this is suc- 
ceeded regularly by potash, soda, lime, 
magnesia, ammonia, and alumina. Itisevi* 
dent, that results of this nature, being 
tabulated, as was first done by the cele- 
brated Geoffroy, and afterwards by Berg- 
mann, must afford a valuable mass of ohe- 
mieal knowledge. It must be remarked, 
however, that these results merely indi- 
cate, that the powers are greater or less 
^an each other ; but how much greater 
mi less is not determined, either abtolQter 
VoH. r. t251 



ly or relatively. Tables of this nature ca»» 
not therefore inform us of the eliects 
which may take place in the way of dou- 
ble affinity, tor want of the numerical re- 
lations between the attracting powers. 
Thus, when we are in possession of the. 
order of the simple elective attractions 
between the sulphuric acid and a series of 
substances, and also between the nitrous 
acid and the same substances ; and when, 
in addition to this, the respective poweri 
of each of the acids upon every one of the 
substances singly taken, are known, so fiir 
as to determine which will displace the 
other ; yet we cannot thence foretell the 
result of applying two combinations to 
each other, each containing an acid united 
with one of the number of simple substan- 
ces. Or, more concisely, a table of simple 
elective attractions can be of no use to 
determine the effects of double elective 
attraction, unless the absolute power of 
the attractions be expressed by number 
instead of their order merely. 

* It has been often remarked, that the 
action of a substance is diminished in pro- 
portion as it approaches to a state of satu- 
ration ; and this diminution of power has 
been employed to explain several chenn- 
ca^phenomena. It is likewise known, that 
the resistance found in expelling a Sub- 
stance from the last portions of a combi- 
nation, either by affinity or heat, is much 
greater than at the commencement of the 
decompontion, and sometimes such, that 
its entire decomposition cannot be effeo- 
ted. Thus the black oxide of manganese 
exposed to heat will part with only a cer- 
tain definite quantity of its oxygen. No 
degree of heat can expel the whole. 

According to Berthollet, when two sub- 
stances are in competition to combine 
with a third, each of them obtains a de- 
n>ee of saturation proportionate to its af> 
finity multiplied by its quantity, a product 
which he denominates smm*. The subject 
of the oombination divides its action in 
proportion to the masses, and by varyingj^ 
the latter, this illustrious chemist thinks^ 
that the results also will be varied. The 
following are the forces which he regards 
as exercising a c^reat influence upon che- 
mical combinations and phenomena, by 
concurring with or opposing the mutual 
affinity of the substances brought into ac^ 
tion. 1. 1'he action of solvents, or the af^ 
finity which they exert according to theiJP 
proportion. Thus, if into a very dilute so« 
lution of muriate of lime, a solution of sul- 
phate of soda be poured, no precipitate 
of sulphate of lime will happen, though 
the quantity of the solvent water be lei^. 
than Is necessarv to dissolve the calcare^ 
ous sulphate. If the same two saline sohK 
tions be mixed with less water, the su^> 
pbate of lime will fall in a few seconds, or 
« few qtmoteHy according to the Qtren^^ 
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of the mingled solutions. 3. The force of 

cohesion, which is the effect of the mutu- 
al affinity of the particles of a substance 
or combination. Hence we can easily see 
why a solution of pure potash, which so 
readily dissolves pulverulent alumina, has 
no effect on alumina concreted and con- 
densed in the oriental gems. The lowest 
red heat kindles charcoal, or determines 
its combination with atmospherical oxy- 
gen ; but a much higher temperature is 
requisite to bum the same carbonaceous 
matter, more densely aggregated in the 
diamond. 3. Elasticity, whether natural or 
produced by heat; which has,by some,been 
considered as the affinity of caloric, (fl) 
Of the influence of this power a fine illus- 
tration is afforded by muriate of lime and 
carbonate of ammonia. When a solution 
of the latter salt is poured into one of the 
former, a double decomposition instantly 
takes place : carbonate of lime falls to the 
bottom in powder, and muriate of ammo- 
nia floats above. Let this liquid mixture 
be boiled for some time; exhalation of 
•mmoniacal gas will be perceived by the 
nostrils, and the carbonate of lime will be 
redissolved ; as may be proved by thefur^ 
ther addition of carbonate of ammonia, (f 2) 
This will cause an earthy precipitat^^m 
the liquid, which prior to ebullition was 
merely muriate df ammonia. 4. Efflores- 
cence, a power which acts only under 
very rare circumstances. It is exemplified 
in the natron lakes of £g^3^t ; on the mar- 

gin of which, according to Berthollet, car- 
onate of lime decomposes muriate of so- 
da, in consequence of the efflorescing 
property of the resulting carbcmate. 5. 
Gravity likewise exerts its influence, par- 
ticularly when it produces the compres- 
sion of elastic fluids; but it may always 
without inconvenience be confounded 
with the force of cohesion. 

M. Berthollet thinks, that as the tables 
of afiinity have all been constructed upon 
the supposition, that substances possess 
different degrees of afiinity, which pro- 

(f 1 J This is obscure. Elasticity, as an an- 
tagonist of chemical affinity, seems always 
to result from calorific repulsion. Par- 
ticles evidently arrange themselves of 
choice in certain angles, from which they 
may be made to deviate, to a certain ex- 
tent, in obedience to exterior force ; and 
yet they regain their figure, as soon as 
unconstrained. Perhaps this is what the 
author means by natural elasticity. For 
« affinity of caloric** we ought probably to 
read effects of caloric, 

(t2) It is not the carbonate of lime, but 
the lime of the carbonate, that b redissolv- 
cd. I question if the " exhalation'^ be not 
carbonate of ammoDi% instead of ammonia- 
calgasf 



diicetlie decom|}08itions.andemi1>iB«tioBS 
that are formed, independently of the pro- 
portions and other conditions which con- 
tribute to the results ; these tables are cal- 
culated only to give a false idea of the de- 
grees of chemical action of the substances 
arranged in them. ** The denomination 
oieleedveMxatyy" says he, <* is in itself 
erroneous, since it supposes the union of 
one entire substance with another, in pre- 
ference to a third, while there is only a 
division of action, subject to other chemi- 
cal conditions." The force of cohesion, 
which was formerly considered merely as 
an obstacle to solution, limits not only the 
quantities of substances which may be 
brought into action in a li<}uid, and conse- 
quently modifies the conditions of the sa- 
turation which follows ; but it is the pow- 
er which causes the precipitations and 
ciystallizations that take place, and deter- 
mines the proportions of such combina- 
tions as are made by quitting the liquid ; 
it is this force which sometimes even pro- 
duces the separation of a substance, with- 
out its forming any combination with 
another substance, as has been remarked 
in metallic precipitations. Elasticity acts 
by producing effects opponte to those of 
cohesion, and which consists eitiier in 
withdrawing some substances from the ac« 
tion of others in a li(|oid» or in diminiahin^^ 
the proportion which exists within the 
sphere of activity; btit when all the sub- 
stances are in the elastic state, their ac- 
tion is subjected to the same conditions. 
If tables were formed which would repre- 
sent the disposition to iasolubility or vo- 
latility, in the different combinations^ they 
would sefve to explain a great number dL 
combinations which take their origin from 
the mixture of <£fferent substances, and 
from the influence of heat. These con- 
siderations need not prevent us, says 
Berthollet, from using the term affinity to 
denote the whole chemical power of a 
body exerted in a g^ven situation, even by 
its present constitution, its proportion, or 
even by the concurrence of other afiini- 
ties; but we must avoid considering tliis 
power as a constant force, which produces 
compontions and decompositions. All 
substances, according to him, exert a mu- 
tual action during the time they are in 
the liquid state ; so that in a solution, for 
example, of sulphate of potash and muri- 
ate of soda, these two salts are not distinct, 
while there is no cause to determine the 
separation from their combination; but 
there exists in thia liquid, sulphuric acid, 
miuiatic acid, soda, and potash. In like 
manner, when the proper quantity of car- 
bonate of potash IS added to muriate of 
soda, the mingled solution does not con- 
sist of carbonate of soda and muriate of 
potash, resulting from complex affinitv, 
but Gontaiiu wnply muriatic and carbonic 
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aeidi wHb potuh and- soda, in quadruple 
union and saturation. It is the crystalii- 
zinp^ propeKy of the soda carbonate, 
vhiclC after due evaporation, determines 
the definite decomposition, and not any 
power of electire attraction. Or gene- 
rally, when one substance separates from 
a combination by the introduction of an- 
other, it is not merely from being sup- 
planted by the superior affinity^ of an an> 
tagonist, but because its intrinsie tenden- 
cy to the solid or gaseous form educes it 
from its former associate. There is cer- 
tainly much trutli in the proposition of 
BerthoUet. 

But with regard to the indefinite psMi- 
tion of a base between two rival acids, 
and of an acid between two rival bases, a 
doctrine which that profound philosopher 
laboured to establisa by a wide experi« 
mental induction, many facts of aii irre- 
concileable nature occur. Sir H. Davy 
has remarked with* his usual good judg- 
ment, that were this proposition correct, 
it is evident that there could be scarceljr 
any definite proportions ; a salt ciystaUi- 
zing in a strong alkaline solution would 
be strongly alkuine ; in a weak one less 
alkaline; while in an acid solution it 
would be acid. But this does not seem 
to be the case. In combinations of gaseous 
bodies, whose constitution gives their par- 
ticles perfect freedom of motion, the pro- 
portions are definite and unchangeable, 
however we may change the proportions 
of the aeriform mixture. And in all solid 
compounds that have been accurately ex- 
amined, in which diere is no chance of 
mechanical mixture, the same law seems 
to prevail. Different bodies may indeed 
be iUssoIved in different menstrua in very 
various proportions, but the result maybe 
regarded as a mixture of different solu- 
tions, rather than a combination. With 
reg^ud to glasses and metallic aUoys, ad- 
duced by Berthollet, it is sufficient to 
know that the points of fusion of alkali, 
glass, and oxides of lead and tin, are so 
near each other, that transparent mxturet 
of them may be formed. The attractive 
power of matter is undoubtedly general, 
but in the formation of aggregates, cer- 
tain definite arrangements take place. 
Bergmann observed long ag^, that when 
nitric acid was digested on sulphate of 
potash, a portion orf' nitre was formed, in 
apparent contradiction to the superior af- 
finity which he had assigned to sulphuric 
acid for the potash. But he also gave 
what appears to be a satisfactory explana- 
tion of ^is seeming anomaly, which Ber- 
thollet has adduced in support of his views 
of indefinite and uniyerni partition. 

Sulphuric acid tends to combine in two 
distinct but definite proportions with pot- 
ash, forming the neutral sulphate and the 
bisulphate. Nitric acid may therefore ab- 



straet fifom the neutral salt, that portictn 
of potash which it should lose to pass into 
the acidulous salt ; but it will not deprive 
it of any more. Hence this very example 
is decidedly adverse to the indefinite 
combinations and successive partitions 
taught by BerthoUet. The above decom- 
position resolves itself evidently, tiiere- 
fore,into a case of doable affinity. That a 
\wfp quantity of pure potash can separate 
a little sulphuric acid from the sulphate 
of barytes, has been stated by Berthollet s 
but it is a circumstance difficult to demon- 
strate. If the operation be ccmducted 
with access of air, then carbonate of pot- 
ash is readily formed, and a well known 
double affinity comes into play, viz. that 
of baijtes for carbonic acid on one hand, 
and of sulphuric jusid for potash on the 
other. Supposing the agency of carbon- 
ic acid to be excluded, then are we to 
believe that the potash having become a 
soluble sulphate, exists in liquid union 
with puiebaiytes? See M. Dulong's ex- 
periments further on. 

When M. Berthollet separated a little 
potash from sulphuric acid by soda, he 
merely formed a Uttle bisulphate of pot- 
ash, while the free potash united to the 
water and alcohol, for which it has a 
strong affinity, and sulphate of soda was 
also formed. This, theref»e, is a very in- 
telligible case of compound attraction* 
Accor^ng to M. Berthollet, whenever an 
earth is precipitated from a saline com- 
bination, by an alkali, it should cany down 
with it a portion of its acid associate. But 
sulptiate of magnesia acted on b^ potash, 
jdelds an earthy precipitate, whtcb, after 
proper washing, oetrays the presence of 
no retained su^huric arad. The neutral 
saJts of soda and potash part with none 
of their acid to magnesia, by the longest 
digestion in their solutions. If on the 
tartrate of lime, or oxalate of lead, the 
portion of sulphuric acid adequate to 
saturate these resi>ective bases be poured, 
entire decomposition will be effected 
without any partition whatever. Now, 
sulphate of lime, which is the result in 
the first case, being actually j^much mor» 
soluble salt than the tartrate, we should 
expect a portion of the latter to resist de- 
composition by the aid of its cohesive 
force. A phite of iron plunged into a so- 
lution of sulphate of copper, separates the 
whole of the latter metal. An equally 
absolute decomposition is effected by 
zinc on the si4ine solutions of lead and 
tin. The sum total of oxygen and acid is 
here transferred to the decomposing body, 
without any partition whatever. 

We have already observed, that sul- 
phate of baiytes digested in shot solution 
of carbonate of potash, gives birth to a 
portion of carbonate of barytes and suK 
phate of potash. But by M. Dulong*« ex- 
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petiment, tlie rertne deeompotitioii itf 

possible, viz. carbonate of baiytes bein|^ 
di^sted in solution of sulphate of potash, 
we obtain sulphate of barytes and carbo- 
nate of potash. Are we hence to infer, that 
Mlphate of baiytei and carbonate of potash 
having^ for some time amused the operator 
by the production of an alkaline sulphate 
and earthy carbonate, will change their 
taiood, and retmcing' their steps, restore 
things to their pristine condition ; and thus 
in alternate oscillation for i&ver? 

If chlorine gas be made to act on the 
oxides of mercury, tin, or antimony, it 
viU unite to the metallic base, and dis- 
place eveiy particle of thfe oxygen. Now, 
the resulting chlorides cannot owe their 
purity to any superiority of cohesive 
force which they possess over the oxides, 
which, on the contrary, are both denser 
and more fixed than the new compounds. 
Finally, if 25 parts of pure magnesia mix- 
«d with SS.6 of dry lime, be digested in 
85 parts of nitric acid, sp. gr. 1.500, dilu- 
ted with water, we shall find that the 
whole lime will be dissolved, but not a 
particle of the magnesia. On decanting 
the neutral calcareous nitrate, washing 
and drying the earthy residuum* we shall 
procure the 25 parts of mag^nesia un- 
changed. 

We are, therefore, entitled to affirm, 
that affinity is elective, acting in the dif- 
ferent chemical bodies with gradations of 
attractive force, liable however to be 
modified, as we have shown in the case of 
muriate of lime and carbonate of ammo- 
lua, by temperature, and other adventi- 
tious powers. 

Decompositions which cannot be pro- 
duced by single attractions, may be effect- 
ed by double affinity; and that, we may 
expect witli the greater certainty, a pri- 
«ri, if one of the two resulting compounds 
of the double interchange, naturally ex- 
ists in the solid or aeriform state. And if 
the one resulting compound be solid and 
the other gaseous, then decomposition 
will be certain and complete. This ap- 
plies with ec|ual force to single affinities 
or decompositions. Thus when sulphuric 
acid and muriate of lime in due propor- 
tions are exposed to heat, a perfect de- 
composition is accomplished, and pure 
sulphate of lime and muriatic acid gas are 
produced. But when the various mixed 
ingredients remain m tohaim, it is then 
reasonable to think with BerthoUet, that 
a reciprocal attraction pervades the ^hole, 
modifyinf^ its nature and properties. Thus 
solution of sulphate of copper is blue, 
that of muriate of copper is green. Now, 
if into a solution of the former salt, we 
pour muriatic acid, we shall observe this 
robbing the sulphuric acid of a quantity of 
the cupreous oxide, proportional to its 
Qttssi for the more muriatic acid we ad4» 



th« greelier will the fiqoid beeone. Bat 
if, by concentration, the sulphate of cop« 
per be suflered to ctystallize, the pheno- 
mena change ; a new force, that of crystal- 
lization, is superadded, which aids the af- 
finity of the sulphuric acid, and decides 
the decomposition. The surplus of each 
of these acids is employed in counterba^ 
lancing the surplus of its antagonist, and 
need not be considered as combined with 
the copper. Here, however, we verge on 
the obscure and unproductive domain of 
chemical metaphysics, a region in which 
a late respectable systematist delighted to 
expatiate. 

M. Bethollet estimates the attractive 
forces or affinities of bodies of the same 
class, to be invertely as their saturating 
quantities. I'hus, among acids, 50 parts 
of real sulphuric, will saturate as much 
potash or soda as 67 ^ of real nitric, and as 
27^ of carbonic. Thus too, 21i of ammo- 
nia will saturate as much acid as 25 of 
^magnesia, SS^ of lime, and 59^ of potash. 
Hence he infers that the carbonic acid is 
endowed with a higher affinity than the 
sulphuric ; and this, than the nitric. The 
same proposition applies to ammonia, 
magnesia, lime and potash. But in direct 
hostility to this doctrine, we have seen 
lime exercise a greater affinity for the 
acids than mu^esia. And though M. 
BerthoOet has ingeniously sought to ex- 
plain away the difficulty about potash, am- 
monia, and carbonic acid, by referring to 
the solid or gaseous results of their action ; 
yet it is hard to conceive of solidity open- 
ting in producing an effect, before solidity 
exists, and of elasticity operating while 
the substance is solid or liquid. On this 
point a good syllogism has been offered 
by Sir H. Davy. •« The action," says this 
profound chemist, ** between the consti- 
tuents of a compound must be mutual. 
Sulphuric acid, there is eveiy reason to 
believe, has as much attraction for barytes, 
as baiytes has for sulphuric acid, and ba- 
rvtes is the alkaline substance of which 
the largest quantity is required to satu- 
rate sulphuric acid; therefore, on M.Ber- 
thoUet's view, it has the weakest affinity 
for that acid ; but less sulphuric acid satu- 
rates this substance than any other earthy 
or alkaline body. Therefore, accordmg 
to M. BerthoUet, sulphuric acid has a 
stronger affinity for baiytes than for any 
other substance ; which is contradtctory.*' 

In the table of chemical eqoii'alents at 
the end of the Dictionary, will be found 
a view of the definite proportions in 
which the various chemi^ bodies com- 
bine, referred to their primary or lowest 
numerical terms, vulgarly called the 
vfd^hts of the atdtiu, 

Mr. Higgins, the real author of the 
Atomic Theoiy, in first promulgatinjp;' its 
principles ialiM Compaiatzre Yi^w of tfee 



ATT 



ATT 



Shfegisde ud Antipfalogistie Hypotibeses, 
connected their exposition with general 
Wews of the relative forees of affinity 
among* the combining particles. These 
forces he illustrates by diagrams, to which 
I hare adverted, in the article EdirivA- 
UHTS (Chbmtical). This joint considei!*- 
tion of comhiningybrce and combining m- 
Uot has been neglected by subsequent wri- 
ters; whence, Mr. Higgins says, '*The 
atomic doctrine has been applied by me 
in abtruse and difficult researches. Its ap- 
plication by Mr. Dalton, has been in a ge- 
neral and popular way ; andii is from these 
eircumstances alone, that it gained the 
same of Dalton's Theory." 

Since the chemical statics appeared, 
perhaps no chemist has contributed so 
jnany important facta to the doctrines (^ 
affinity as M. Dulong. His admirable in- 
quiries concerning the mutual decompo- 
aition of soluble and insoluble salts, were 
presented to the National institute, and 
afterwards published in the Annales de 
Chimie, toi!n. 82 ; from which they were 
translated into the 35th and 36th volumes 
of Nicholson's Jounial, and an abstract of 
them was given in the 41st vol. of the 
Phil. Mag. Notwithstanding such means 
gf notOTiety, it is amusing to observe so 
unweaiied a compiler as Dr. Thomson, 
recently appropriating to his friend Mr. 
Phillips, the discovery of a fact observed 
and recorded years before by M. Dulong; 
and treating as an anomaly, what the 
JPrench philosopher had shown to be none, 
but had referred with equal sagacity and 
industry to general principles. 

After the labours of Bergmann and Ber- 
thoUet, chemistry seemed to leave little 
further to be desired, relative to the mu- 
tual decomposition of soluble salts. But 
the insoluble salts are likewise susceptible 
of exchanging their principles with a 
great number of the soluble salts. '* This 
class of phenomena," says M. Dulong, 
** thou^ almost as numerous as that which 
embraces the soluble salts, and capable of 
affording new resources to analysis, has 
not yet been examined in a general man- 
ner." 

The action of the soluble carbonates on 
the insoluble salts, is the only one which 
had been at all studied. Thus carbonates 
of potash and soda in solution, had been 
employed conveniently to decompose sul- 
phate of bar3rtes. M. Dulong had an op- 
portunity in some particular researches, to 
observe a considerably extensive number 
of &cts, relating to the mutual decompo- 
sition of the 8<3uble and insoluble salts, 
and endeavoured, ' he says, to determine 
the general cause of these phenomena, 
and the method offoreseeing their results, 
without being obliged to retain by an ef- 
fort of memory, of which few persons 
would be capable^ all the direct obierra* 



Hoas wlueh vould be require to aaoer^. 
tain them. 

M. Dulong fonnd by experiment, that 
all the insoluble salts are decomposable 
by the carbonate of potash or the carbo- 
nate of soda, and in some instances with 
curious phenomena. When sulphate of 
barytes, phosphate oS barytes, or oxalate 
of lime, IS boiled with solution of bicarboi> 
nate, or carbonate of potash, a considera- 
ble part of the insoluble sulphate is con- 
stantly transformed intoacwbonate of the 
same base ; but on reaching a certain li* 
mit, the decomposition stopped, although 
there remained sometimes a very conside- 
rable quantity of the soluble carbonate not 
decomposed. M. Dulong convinced him- 
se^ that the diflerent deg^es of concen- 
tAon of tlie alkaline solution, produced 
1)Ut very slight variations in the results of 
this decomposition. He took 10 grammes 
of dry subcarbonate of potash, and 7.66, 
being their equivalent proportion, of diy 
subcarbonate of soda ; quantities contain- 
ing each 3.07 grammes of carbonic acid. 
They were separately dissolved in 250 
gramines of water, and each solution was 
kept in ebullition for two hours, on 8 
grammes of the sulphate of barytes. On 
analyzing the two residues, it was found 
that the potash experiment yielded 2.185 
grammes, and the soda only 1.833 ; or in 
the proportion of 6 to 5. Is this difi^rence 
to be ascribed to the difference in the at- 
tractive forces of the two alkalis; to the 
more sparing solubility, or greater attrac- 
tive force of the sulphate of potash ; or 
to both causes conjointly ? 

Since the alkaline carbonates lose their 
decomposing agency when a certain pro- 
portion of the sdkaline sulphate is formed, 
M. Dulong tried to ascertain the limits by 
thefollowmg experiment: 7 grammes iS 
sulphate of potash, with 6 of subcarbo- 
nate, dissolved in 250 of water, were boil- 
ed with the sulphate of barytes for several 
hours, without the least trace of decompo- 
sition being evinced . The supernatant li- 
quid, filtered, and boiled on csrbonate of 
barytes, produced a considerable quantity 
of sulphate ; but ceased acting brfore. this 
sulphate of potash was exhausted. The 
same phenomena were obtained with car- 
bonate and sulphate of soda. << Lastly, 
the sulphate of potash and the sulphate of 
soda alone, and perfectly neutral, re-acted 
likewise upon the carbonate of barytes, 
and produced on one part, sulphate of 
barytes, but on the other the subcarbonate 
of potash or soda which remained in solu- 
tion, together with the portion of the sul- 
phate which resisted the decomposition. 
20 grammes of crystallized sulphate of so- 
da, and 10 grammes of sulphate of potash, 
were separately dissolved in 260 or water. 
Each solution was boiled for 2 hours on 
20 grains of carbonate of baiTtes. The 
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sulphftte of wodtL piodnead lOLlf gr. of 
sulphate of baiytes, and the sulphate of 
potash 9.8r." Had 108 of sulphate of 
potash been employed, which is the true 
equivalent of 200 sulphate of soda in ^'S- 
talsy a somewhat larger product would 
have been obtained than 9.87. This ex- 
peiiment, however, is most satisfactorjr 
with regard to the amount of decoropou* 
tion. The mutual action of the insoluble 
carbonates, with the soluble salts, whose 
acids form, with the bases of these carbo* 
nates, insoluble salts, is equally general 
with that of the soluble carbonates on the 
insoluble salts* The following is M. Du* 
loQg's Uble of results : 



GstteBSteofBu7t» 



Carbo- 
nate of 
Stron- 
tian- 



Sulphate of Potash 

Soda 
— lime 
— ^— ^— Ammonia 

Magnesia 
Phosphate of Soda 
— — Ammonia 
Sulphite of Potash 
Phosphite of Potash 

Soda 

-^ Ammonia 

Borate of Soda 
Arseniate of Potash 

-Soda 

Oxalate of Potash 
— — Ammonift 
Fluate of Soda 
Chromate of Potash 



Carbo-JCartan 
nateoraattV 
Lime. Lead. 



Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 









Id. 

Id. 
Id. 
Id. 
Id. 
Id. 
Id. 

Id. 
Id. 
Id. 
Id. 
Id. 
Id. 



Id. 
Id. 
Id. 
Kd. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id« 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 



All those saks which have ammonia for 
their base, are completely decomposed by 
tlte insoluble carbonates found in the same 
column. The new insoluble salt replaces 
the carbonate whidi is decomposed, and 
the carbonate of ammonia flies off. Hence, 
if a snificient quantity of insoluble carbo- 
nate, be present, the liquid will become 
pure water. 

When the soluble salt has an insoluble 
base, the decomposition does not meet 
with any obstacle, but oontinues until the 
liquid becomes mere water. Thus, solu- 
tion of sulphate of magnesia, boiled with 
carbonate of barytes, will be resolved into 
an insoluble carbonate and sulphate, pro- 
vided enough of carbonate of barytes be 
present. Otherwise a portion of the mag- 
nesian carbonate being dissolved in its 
own sulphate, gives alkaline properties to 
the solution. 

If the base be metallic, it almost always 
forms a salt with excess of oxide, which 
being insoluble, precipitates. 

The general inferences of M. Dulong^s 
inquiries are the following: 1. That all 
the iniolubte saks are decomposed by the 



sub eartom tei of potash or soda, bat that 
a mutual exchange of the principles of 
these salts cannot in any case be complete- 
ly made; or in other words, that the de- 
composition of the subcarbonates is only 
partial. 2. That all the soluble salts, of 
which the acid forms, with the base of the 
insoluble carbonates, an insoluble salt, 
are decomposed bpr these carbonates, un- 
til the decomposition has reached a oertaun 
limit which it cannot pass. 

When a soluble subcarbonate acts on an 
insoluble salt, in proportion as the carbonic 
acid is precipitated on the base of the in- 
soluble salt, it is repUced in the solution 
by a quantity of another acid, capable of 
coiMp<^y*neatralizing the alkali. Thus, 
during the whole course of the decompo* 
sition, fresh quantities of iteutrtU salt re- 
place the corresponding (Quantities of an 
imperfectljr saturated alfesJme compound; 
and if we view the excess of alkaline pow- 
er in the undecomposed subcarbonate, or 
its unbalanced capacity of saturation, as 
acting upon both acids, it is evident that 
in proportion as the decomposition ad- 
vances, the liquid approache* move and 
more to the neutral state. In the inverse 
experiment, a contrary change supervenes. 
Each portion of theacid of the soluble salt, 
(sulphate of soda for example), which is 
precipitated on the base of the insoluble 
carbonate, is replaced by a quantity of 
carbonic add, which forms witii the cor- 
responding base, an alkaline subcarbo- 
nate ; and the more of the first acid is pre- 
cipitated upon the earthy base, the more 
subcarbonate the liquid contidns, and the 
further does its state recede from neutrali- 
zation; This consideration seems to lead 
directly to the following theory of these 
decompositions. 

It is known, says M. Dulong, that aU the 
salts, even those which possess the great- 
est cohesion, yield to caustic pot&di or so- 
da, a more or less considerable portion of 
their acid, according to circumstances. 
Now the alkaline subcarbonates may be 
considered as weak alkalis, which may 
take from all the insoluble salts a smaU 
quantity of their acids. This effect would 
soon be limited if the alkali were pure, in 
consequence of the renstance offered by 
the pure and soluble bsse. But the latter 
meeting in the liquid, an acid with which 
it can form an insoluble salt, unites with it, 
and thus reestablishes the primitive con- 
ditions of the experiment. The same ef- 
fects are produced successively on new 
portions of the bodies, till the degree of 
saturation of the liquid is in equilibrium 
with the cohesive force of the insoluble 
salt, so that the feebler this resistance may 
be, the more progress tiie decomposition 
will make. And ag^in, when an insoluble 
carbonate is in contact with a neutral solu- 
ble salt, the base of the carbonate will tend 
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to tftke pait of the Modoi the neutnd islt ; 
and if» from this union, an insoluble salt can 
Tcsul^ the force of cohesion peculiar to 
this compound, will determine the forma- 
tion. The carbonic acid, released from 
the attraction of the earthy base by the 
fixed acid, instantly attaches itself to the 
surrounding alkali, forming a subcarbo« 
nate which replaces the decomposed neu- 
trai salt. The precipitation of the fixed 
acid on the insoluble carbonate, and the 
absorption of carbonic acid by the hquid 
continues, until the alkalinity thereby de- 
velofied, becomes so strong as to resist 
the precipitation of the acid; thus forming 
a counteipoise to the force by which that 
precipitation was accomplished. AU ac- 
tion then ceases, so that the more cohesion 
the insoluble salt possesses, the greater 
will be the proportion of acid taken £rom 
the soluble salt. 

When the carbonate of potash can no 
longer decompose the sulphate of bary tea, 
the carbonic acid which remains in the so- 
lution, is to the sulphuric acid nearly in 
the ratio of 3 to 1 ; and when the sulphate 
of potash can no longer act upon the car- 
bonate of barytes, these two acids are 
nearly in the ratio of 3 to 2 ; whence it 
follows, that the first liquor is much more 
alkaline than the second. 

It is easy to account for this difierenoe 
by examining the conditions of the equili- 
brium established in the two cases. When 
the sukihate of potash no longer decom- 
poses uie carbonate of batytes, it is be- 
cause the excess of alkali, developed in 
the liquid, forms a counterpmse to the 
power with which sulphate of barytes 
tends to be produced in these circumstan- 
ces* And when the subcarbonate of pot- 
ash can no longer decompose the sulphate 
of barytes, it is because there is not such 
an excess of alkali in the liquid* as is capa- 
ble of overcoming the cohesion and attrac- 
tion between the elements c^ that salt. 
Now we knew, that it recjuires a greater 
force to overcome an existinf^ attractive 
power, than to maintiun the qmescent con- 
dition. Therefore the subcarbonate of 
potash ought to cease to decompose the 
sulphate of baiytes, before the sulphuric 
ana carbonic acids are in the same rela- 
tion in which they are found, when the 
equilibrium is established by the inverse 
experiment. Hence we see, that a mix- 
ture of sulphate and subcarbonate of pot- 
ash, in which the proportions of their two 
acids shall be within tiie limits pointed 
out, will have no action either on the sul- 
phate or carbonate of barytes. For the 
other insoluble salts, there will be other 
relations of quantity; but there is always 
a certain interval, more or less considera- 
ble, between their limits. The mutual 
action of sulphate of soda and carbonate 
of harytes is almost instsoitaneoad* It \a 



efficient to pour a boiling hot sokctlon lof 
the sulphate, on the carbonate placed on 
a filter, in order that more than-tbree- 
fourths of the sulphuric acid be precipi- 
tated, and replaced by a correspon^ng 
quantity of carbonic acid. 

In the first part of the Philosophical 
Transactions for 1809, we have tables of 
elective attractions by Dr« Thomas Young, 
a philosopher of the very first rank, whom 
the late mgenious Dr. Wells pronounced 
the most learned man in England. These 
have been unaccountably overlooked by 
our different s3r8teTOatic writers, though 
they are, both in accuracy and ~ ingenuity, 
far superior to the tables which, with un- 
varying routine of typography, are copied 
ij^o their compilations, I conceive it will 
W doing an essential service to chemical 
ag ents, to lay before them the tables of 
■i^Young, accompanied with his admira- 
ble remarks on the sequences of double 
decompositions. 

Attempts have been made, by several 
chemists, to obtain a series of numbers, 
capable of representing the mutual attrac- 
tive forces of the component parts of dif- 
ferent salts ; but these attempts have 
hitherto been confined within narrow li- 
mits, and have indeed been so hastUy 
abandoned, that some very important con- 
sequences, which necessarily follow from 
the general principle of a numerical re- 
presentation, seem to have been entirely 
overlooked. It appears that nearly all the 
phenomena of the mutual actions of a hun- 
dred different salts may be correctly lie- 
presented by a hundred numbers, while, 
m the usual manner of relating every case 
as a different experiment, above two thou- 
sand separate articles would be required. 

Having been enga^fed in the collection 
of a few of the principal facts relating lo 
chemistry and pharmac;^, Dr. Young was 
induced to attempt the investigation of a 
series of these numbers ; and he has suc- 
ceeded in obtaining such as appear to 
agree sufiicientiy well with all the cases 
of double decompointions which are fiilly 
established, the exceptions not exceedii^ 
twenty, out of about twelve hundred cases 
enumerated by Fourcroy. The same num- 
bers agree in general with the order of 
simple elective attractions, as usually laid 
down by chemical authors ; but it was of 
so much less importance to accommodate 
them to these, that he has not been very 
solicitous to avoid ^ few inconsistencies in 
this respect ; especially as many of the ba- 
ses of the calculation remain uncertaini 
and as the common tables of mmple elec- 
tive attractions are certainly imperfect, if 
they are considered as indicating the order 
of the independent attractive forces of the 
substances concerned. Although it ear<- 
not be expected that these numbers should 
be accntata meuores of Che forces which 
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the^ feprenent yet they mty befnfyposed 
to be tolerable approzimationf to such 
measures ; at least, if any two of them are 
nearly in the true proportion, it is proba- 
ble that the rest cannot deviate very far 
from it : thus, if the attractive force of the 
phosphoric acid for potash is about eight- 
tenths of that of the sulphuric acid for 
barytes, that of the phosphoric acid for 
barytes must be about nine-tenths as great. 
But they are calculated only to ag^e with 
a certain number of phenomena, and will 
probably require many alterations, as well 
as additions, when all other similar phe- 
nomena shiUi have been accurately inves- 
tigated. 

** There must be a sequence," says Dr. 
Young, *' In the simple elective attac- 
lions. For example, there must b^in 
error in the common tables of electiv^at- 
tractions, in which magnesia stands Mme 
ammonia under the sulphuric acid, and be- 
low it under the phosphoric; and the 
phosphoric acid stands above the sulphuric 
under magnesia, and below it under am- 
monia; since such an arrangement im- 
plies that the order of the attractive forces 
IS this: phosphate of magnesia, sulphate 
of magnesia, sulphate of ammonia, phos- 
phate of ammonia, and again phosphate of 
magnesia ; which forms a circle, and not a 
sequence. We must therefore either 
place magneua above ammonia under the 
phosphoric acid, or the phosphoric acid 
below the sulphuric under magnesia ; or 
we must abandon the principle of a nume- 
rical representation in this particular case. 

** In the second place, there must be an 
agreement between the simple and dou- 
ble elective attractions. Thus, if the flu- 
oric acid stands above the nitric under ba- 
rita, and below it under lime, the fluate of 
barita cannot decompose the nitrate of 
lime, since the previous attractions of these 
two salts axe respectively greater than the 
diveUent attractions of the nitrate of barita 
and the fluate of lime. Probably, there- 
fore, we oup^ht to place the fluoric acid 
below the nitric under barita ; and we may 
suppose, that when the fluoric add has 
appeared to form a precipitate with the 
nitrate of barita, there has oeen some ial- 
lacy in the experiment. 

** I'he third ]m>position is somewhat less 
obvious, but perhaps of grater utility : 
there must be a continued sequence in the 
order of double elective attractions ; that 
is, between any two acids we may place 
the diflerent bases in such an order, that 
any two salts, resulting from their union, 
shall always decompose each other, un- 
less each acid be united to the base near- 
est to it ; for example, sulphuric acid, ba- 
rita, potash, soda, ammonia, strontia, mag- 
neua, glucina, alumina, zirconia, lime, 
phosphoric acid. The sulphate of potash 
decomposes the phosphate of barita, be- 



cause the diflerence of the attractions of ^ 
barita for the sulphuric and phosphoric 
acids is greater than the difference of the 
similar attractions of potash ; and in the 
same manner, the difference of the attrac- 
tions of potash is greater than that of the 
attractions of soda ; consequently the dif- 
ference of the attractions of barita must 
be much grater than that of the attrac- 
tions of soda, and the sulphate of sodai 
must decompose the phosphate of barita ; 
and in the same manner it may be shown, 
that each base must preserve its relations 
of priority or posteriority to every other 
in the series. It is also obvious, that, for 
similar reasons, the acids may be arranged 
in a continued sequence between the dif- 
ferent bases ; and when all the decompo- 
sitions of a certain number of salts have 
been investigated, we may form two cor- 
responding tables, one of the sequences of 
the bases with the acids, and another of 
those of the acids with the diflferent bases -, 
and if either or both of the tables are im- 
perfect, their deficiencies may often be 
supplied, and their errors corrected by a 
repeated comparison with each other. " 

In the table of simple elective attrac- 
tions, he has retained the usual order of 
the different substances; inserting agun^ 
in parentheses such of them as rejquire to 
be transposed, in order to avoid inconse- 
quences in the simple attractions : He haa 
attached to each combination marked with 
an asterisk the number deduced from the 
double decompositions, as expressive of 
its attractive force; and where the num- 
ber is inconsistent with the corrected or- 
der of the simple elective attractions, he 
has enclosed it in a parenthesb. Such 
an apparent inconsistency may perhaps 
in some cases be unavoidable, as it is pos- 
sible that the different proportjona of the 
masses concerned in the opeiyitions of sin>- 
pie and compound decomposition, may 
sometimes cause a real difference in the 
comparative mag^tiide of the attractive 
forces. Those numbers to which no aste^ 
risk is affixed, are merely inserted by in- 
terpolation, and they can only be so fw 
employed for determining the mutual ac- 
tions of the salts to which they belong, as 
the results which they indicate would fol- 
low from the comparison of any other 
numbers, intermediate to the nearest of 
those which are more correctly determi- 
ned. He was not able to obtain a suffi- 
cient number of facts relating to the me- 
tallic salts, to enable him to comprehend 
many of them in the tables. 

He thought it necessary to make some 
alterations in the orthography generally 
adopted by chemists, not from a want of 
deference to their individual authority^ 
but because it appeared to him that there 
are certain rules of etymology, which no 
modem author has a right to aet aside* 
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TABLE II. Bt Db. Yoong. 



NITRIC 






▲CID. 






Barita 




Potash 


Potash 




Soda 


Soda 




Ammonia 


Strontia 




Magnesia 


Lime 




Glycina 


Magnesia 


cn 


1 Alumina 


Ammonia 


v: 


1 Zirconia (8) 


Glycina 




Barita 


Alumina 




Strontia 


ZiFConia 




Lime 


Muriatic 




Fhosphouc 



KITRIC AND MURIATIC ACIDS. 



Barita 

Potash 

Soda 

Ammonia 

Magnesia 

Glycina 

Alumina 

Zirconia 

Strontia (9) 

Lime 

Fluobio 



Potash 

Soda 

Ammonia 

Magnesia 

Glycina 

Alumina 

Zirconia 

Barita 

Strontia 

Lime 

SlTLraTTROVS 



Barita (10) 

Potash 

Soda 

Ammonia 

Magnesia 

Glycina 

Alumina 

Zirconia 

Strontia 

Lime 

Bo&Acic 



Potash 

Soda 

Barita (10) 

Ammonia (7,11) 

Magnesia (7) 

Strontia 

Lime 

Glycina 

Alumina 

Zirconia 

Cabbghxc. 



(7.) A triple salt is formed. (8.) Fourcroy aays, that the muriate of zirconia decom- 
poses the phosphates of barita and strontia. (9.) According to Foutcroy's account, 
the fluate of strontia decomposes the muriates of ammonia, and of all the bases below 
it ; but he says in another part of the same volume, that the fluate of strontia is an un- 
known salt. (10.) According to Fourcroy's account of these combinations, barita 
should stand immediately below ammonia in both of these columns. (11.) With hea^ 
the carbonate of lime decomposes the muriate of ammonia. 



PHOSPHORIC ACID, 



Barita 

Lime 

Potash 

Soda 

Strontia 

Magnesia 

Ammonia 

Glycina 

Alumina 

Zirconia 

Fluobxc 

(12.) According to Fourcroy, the phosphate W ammonia decomposes the borate of 
magnesia. (13.) Fourcroy says, that the carbonate of lime decomposes the phos- 
phates of potash and of soda. 

FLUORIC ACID. 



Lime 


Barita 


Potash 


Barita 


Barita 


Lime 


Soda 


Lime 


Potash 


Potash 


Barita 


Potash 


Soda 


Soda 


Lime (13) 
Strontia 


Soda 


Strontia 


Strontia 


Strontia 


Magnesia 


Ammonia(12) 


Ammonia 


Magnesia 


Ammonia 


Magnesia 


Magnesia 


Glycina? 


Glycina 


Glyeina 
Alumina 


Glycina 


Alumina 


Alumina 


Alumina 


Zirconia 


Zirconia 


Zirconia 


Zirconia 




SULPBUBOUB 


BOBACIO 


Cabbobig 


(Pbospbobovs) 



Lime 

Potash 

Soda 

Magnesia 

Ammonia 

Glycina 

Alumina 

Zirconia 

Strontia 

Barita 

Sulphurous 



Lime 

Bi^rita 

Strontia 

Potash 

Soda 

Ammonia 

Magnesia 

Glycina 

Alumina 

Zirconia 

BOBACIC 



Potash 

Soda 

Lime 

Barita 

Strontia 

Ammonia (14) 

Magnesia 

Glycina 

Akimina 

Zirconia 

Cabbobic 



(14.) According to Fourcroy, the carbonate of ammonia decomposes the fluates of 
arita and strontia. 
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Dr. Young's SECOND TABLE— (concluded.) 



SULPHUROUS ACID. 



Barita 

Strontia 

Potash 

Soda 

Ammonia 

Mag'nesia 

Lime 

Glycina 

Alumina 

Zirconia 



Potash 

Soda 

Barita (15.) 

Strontia 

Ammonia 

Lime 

Magnesia 

Glycina 

Alumina 

Zirconia 



BORACIC ACID. 



Lime 


Zirconia 


Potash 


Strontia 


Alumina 


Soda 


Barita 


Glycina 


Lime 


Zirconia 


Ammonia 


Barita 


Alumina 


Magnesia 


Strontia 


Glycina 


Strontia 


Mag'nesia 


Mag^nesia 


Soda 


Ammonia 


Ammonia 


Potash 


Glycina 


Soda 


Barita 


Alumina 


Potash 


Lime 


Zirconia 



BoftACic Carbohio (Niteous) (Phosphobous ?) Carbonic 
(15.) Fourcroy says, that the sulphite of barita decomposes the carbonate of ammonia. 



III. A Table of the Sequences of the Adda tnth tUf event Bases, by Dr. You»e. 



BARITA. 

Sulphuric S C S 

Kitric N S P 

Muriatic M P SS 
Phosphoric SS SS N 

SvUphurousP N M 

Fluoric C M F 

Boracic B P B 

Carbonic F B C 

SnOSTIA Ur PT M6 



STRONTIA. 


LIME. 


PoTAsa 
Soda 


S C S P S 


C P P P 


MAoy,«-AxK. 


N SS P S P 


P F F F 


Gltcina 


M F SS SS SS 


F B B SS 


Alumina 


SS P P F F 


B SS C S 


Zirconia 


C B B B B 


SS S SS B 


Each with every 


B S C C N 


S C S N 


subsequent base 


F M N N M 


M N N M 


in this order, < 


P N M M C 


N M M C 




LM PT MQ AM 6L 


PT XQ AK OL 




SO At 


SD AL 




ZB 


ZR 





MAG- 

NESL\. 
fS B 

N C 

M P 

P F 

F SS 
SS s 
B N 
C M 

U AM 



The comparative use of this Table maybe understood from an example: If we sup- 
pose that the nitrate of barita decomposes the borate of ammonia, we must place the 
Wracic acid above the nitric, between barita and ammonia in thb Table, and conse- 
quently barita below ammonia, between the fluoric and boracic in the former : hence 
tile boracic and fluoric acids must also be transposed between barita and strontia, and 
between barita and potash ; or if we place the fluoric still higher than the boracic in 
tbe first instance, we must place barita below ammonia between the nitric and fluoric 
acids, where indeed it is not impossible that it ought to stand. 
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IV. A ^umerica! Table ofEleeHve Attrac^om^ by Dr. Touirc. 



Baetta. 

Sulphuric acid 

Oxalic 

Succinic 

Fluoric 

Phosphoric 

Hucic 

Nitric 

Muriatic 

Suberic 

Citric 

Tartaric 

Arsenic 

(Citric) 

lActic 

(Fluoric) 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

Prussic 



STmOWTTA. 

lOOO* Sulphuric acid 903* 

950 Phosphoric 827* 

930 Oxalic 825 

Tartaric 757 
906* Fluoric 

900 Nitric 754* 

849'» Muriatic 748* 

840* (Succinic) 740 

800 (Fluoric) 703 
Sucdmc 

Citric ? 618 

Lactic 603 

SulphurouB 527* 
Acetic 

Arsenic (733i) 

Boracic 513* 

(Acetic) 480 

Nitrous? 4.J0 

Carbonic 419* 



760 

733J 

730 

729 

706* 

597 

594 

450 

420* 

400 



MieirxsiA. 

Oxalic acid 820 
Photphoric 

Suphuric 810* 

(Phosphoric) 736* 
Fluoric 

Arsenic 783 

Mucic 732i 

Succinic 732} 

Nitric 732* 

Muriatic 728* 

Suberic ? 700 

(Fluoric) 620* 

Tartaric 618 

Citric 615 

Malic? 600P 

lACtic 575 

Benzoic 560 
Acetic 

Boracic 459* 

Sulphurous 439* 

(Acetic) 430 

Nitrous 410 

Carbonic 366* 

Prussic 280 



Amhoitta. 
Sulphuric acid 808* 

Nitric 731* 

Muriatic 729* 

Phosphoric 728* 

Suberic ? 720 

Fluoric 613* 

Oxatie 611 

Tartaric 609 

Arsenic 607 

Sucdnie 605 

Citric 603 

Lactic 601 
Benscuc . 599 

Sulphurous 433* 

Acetic 432 

Mucic 431 

Boracic 430* 

Nitrous 400 

Carbonic 339* 

Prussic 270 



POTASir. 


Soda 


Lm. 


Sulphuric acid 894* 885* 


OxaUc acid 960 


Nitric 


812* 804* Sulphuric 


868* 


Muriatic 


804* 797* Tartaric 


867 


Phosphoric 


801* 795* Succinic 


866 


Suberic ? 


745 740 


Phosphoric 865* 


Fluoric 


671* 666* 


Mucic 


860 


Oxalic 


650 645 


Nitric 


741* 


Tarteri© 


616 611 


Muriatic 


736* 


Arsenic 


614 609 


Suberic 


735 


Succinic 


612 607 


Fluoric 


734* 


Citric 


610 605 


Arsenia 


733f 


Lactic 


609 604 


LacHc 


732 


Benzoic 


608 603 


Citric 


731 


Sulphurous 


488* 484* MaUc 


700 


Acetic 


486 482 


Benzoic 


590 


Mucic 


484 480 


Acetic 




Boracic 


482* 479* 


Boracic 


S27' 


Nitrous 


440 437 


Sulphurous 516* 


Carbonic 


306*304* 


(Acetic) 


470 


Prussic 


300 298 


Nitrous 


425 






Carbofde 


423* 






Prussic 


290 


Gltciita 




Sulphuric acid 718* 


709^ 


700* 


Nitric 


642* 


63*» 


626 


Muriatic 


639* 


632* 


625* 


Oxalic 


600 


594 


588 


Arsenic 


580 


575 


570 


Suberic ? 


535 


530 


525 


Fluoric 


534* 


529* 


524* 


Tartaric 


520 


515 


510 


Succinic 


510 


505 


500 


Mucic 


425 


420 


415 


Citric 


415 


410 


405 


Pkoophoric 

lACtlC 


(648)* 
410 


(642)* 
405 


^^ 


Benzoic 


400 


395 


390 


Acetic 


395 


391 


SS7 


Boracic 


388* 


385* 


382* 


Sulphurous 


355* 


351* 


347* 


Nitrous 


340 


338 


332 


Carbonic 


325* 


323* 


321* 


Prussic 


260 


258 


256 



SuLPHumic. 

Barita 1000* 



903* 
894* 
885* 
868* 
810* 



Strontia 

Potash 

Soda 

Lime 

Magnesia 

Ammonia 808* 

Glycina 718* 

Itria 

Alumina 

Zirconia 



712 

709* 

700* 



NlT]ftIC< 

Barita 

Potash 

Soda 

Strontia 

Lime 

Magnesia 

Ammonia 

Glycina 

Alumina 

Zirconia 



Amis. 

MUBIATIG. 

849* Barita 840* 

812* Potash 804* 

804* Soda 797* 

754* Strontia 748* 

741* Lime 736* 

732* Ammonia 729* 

731* Magnesia 728* 

642* Glycina 639* 

634* Alumina 632* 

626* Zirconia 625* 



Phosphouc. 
Barita 906* 

Stiontia 827* 
Idffie (865)* 
Potash 801* 
Soda 795* 

Ammonia (728)* 
Magnesia 736* 
Glycina 648* 
Alumina 642* 
Zirconia 636* 



ATT 



ATT 



lime 734* 

Btiilm 706* 

Stroirtui 703* 

Potash en* 

Soda 6G6* 

Aramna 613* 

<^craa 5i4* 

Almniiim 529* 

Zbcoott 524* 



960 867 

Bvi:m 930 760 

825 757 

830 618 

650 616 

Soda 645 611 

Ammoiiia 611 609 

dvcuu.' 600 520 

Alumina 594 515 

Ziicoiin?588 510 



Baritm 



733f 
733} 
H 



Baritm 



StFontia 733i Strantia 

Magnesa 733 MagneaiA 

Potash 614 Potaah 

Soda 609 Soda 

Ammonia 607 Ammonia 

<^ycina 580 Glvcina 

Alumina 575 Ai^f^ 

Ziiconia 570 fitC^taU 



SVCClllCa 

Baiita 930 

Lime 866 

StTootia? 740 
(1fagDeaia)732i 

Potaah 612 

Soda 607 

Ammonia 605 

Gljdna? 510 
Alumina 505 
airconia? 500 



Svanuc. 

Baiita 800 

Potaah 745 

Soda 740 

lime 735 

Ammonia 720 

Magnesia 700 

C^>cina? Sl^Sf 

AhiminM 530 

Ziicooia? 525? 



CAxnomie. 
lime 
Potaah 
Soda 
Barita 
Ammoiua 
Glycina ? 
Alumina 
Zirconia? 
Magnesia 



Cirmic 

Lime 731 

Barita 730 

Strontia 618 

Magnesia 615 

Potash 610 

Soda 605 

Ammonia 603 

Glycina? 415 > 

Alumina 410 

Ziiconia 405 



Lactic. 

Barita 729 
Potaah 609 
Soda 604 

Strontia 603 
Jdme (732) 

Ammonia 601 
Magnesia 575 
Metallic oxides 
Glycina 410 
Alimuna 405 
aUiconia 400 

Mudc ? 

BariU 900 

lime 860 

Potash 484 

Soda 480 

Ammoiua 431 

Glycina 425 

Alumina 420 

Ziroonia 415 



BSHXOIC. 

White oxide of 



608 

603 

599 

597 

590 

560 

400? 

395 

390? 



Potash 

Soda 

Ammonia 

Barita 

Lime 

Magneaa 

Glycina P 

Alumina 

Ziiconia? 



BOBACIC. 

lime 537* 

Barita 515* 

Strontia 513* 
Masnena(459)* 

Potash 482* 

Soda 479* 

Ammonia 430* 

Glycina 388* 

Alumina 385* 

Zirconia 382* 



SULPHUBOVS. 

^arita 592* 
Lime 516* 

Potash 488* 
Soda 484* 

Strontia (527)* 
Magnesia 439* 
Ammonia 433* 
Glycina 355* 
Alumina 351* 
Zirconia 347* 



Nrraovs ? 
Barita 450 
Potash 440 
Soda 437 

Strontia 430 
Lime 425 

Magneua 410 
Ammonia 400 
Glycina 340 
Alumina 336 
Ziiconia 332 



Acme 


Barita 


594 


Potash 


486 


Soda 


483 


Strontia 


480 


lune 


470 


Ammonia 


432 


Magnesia 


430 


MetalUc oxides 


Glycina 


395 


Alumina 


391 


Zirconia 


387 


PaospaoBovs^ 


lime 




BariU 




Strontia 




Potash 




Soda 




Magnesia? 


Ammonia 




Glycina 




Alumina 




Zirconia 





Casboitic. 
Barita 420* 

Strontia 419* 
Lime (423)* 
Potash ? 306* 
Soda 304* 

Magne8ia(366y 
Ammonia 339* 
Glycina 325* 
Alumina 323* 
Zirconia 331* 



Pbvssic. 

Barita 400 

Strontia 

Potash 

Soda 

Lime 

Magnesia 

Ammonia 270 

Glycina? 260 

Alumina? 258 

Zirconia ? 256 



300 
298 
290 
280 



ATT 



ATT 



TABLES 



OF 

SIMPLE ELECTIVE ATTRACTIONS, 
A^ FROM BEHGBIANN. 

I.— WATER AND COMBUSTIBLE SUBSTANCES. 

IN THE HUMID WAY. 



Watbb. 


SVIPHVB. 


Salifm 

SULPHUBKTS. 


Alcohol. 


Etheb. 


Potash 


Oxygen 


Oxygen 
Oxide of gold 


Water 


Alcohol 


Soda 


Molybdic oxide 


Ether 


Volatile oils 


Ammonia 


and acid 


silver 


Volatile oils 


Water 


Deliquescent 


Oxide of lead 


mercury 


Ammonia 


Sulphur 


salts 


tin 


arsenic 


Fixed alkali 




Alcohol 


silver 


antimony 


Alkaline sul- 




Carbonate of 


mercury 


bismuth 


phurets 




ammonia 


areenic 


copper 


Suljjhur 




Ether 


antimony 


tin 


Muriates 




Sulphuric acid 


iron 


lead 


Phosphoric aci^ 




Non-deliques- 
cent salts 


Potash 

Soda 

Barytes 


nickel 
cobalt 
manganese 






Fat Oils. 


VoLATiLB Oils. 




Strontian 


iron 








•-^ V* x^s> v«t*Aa 

Lime 


Other metallic 


Barytes? 


Edier 




Magnesia 


oxides 


Strontian ? 


Alcohol 




Phosphorus 


Carbon 


Lime 


Fat oils 




Fat oils 


Water 


Metallic oxides 


Fixed alkalis 




Ammonia 


Alcohol 


Ether 


Sulphur 




Ether 


Ether 


Volatile oils 


Phosphorus 




Hydrogen? 




Fixed alkaHs 
Ammonia 
Sulphur 
Phosphorus 




IN THE DRY WAY. 


SlTLraUBSTTSD 

Htsboobst. 












Oxygen 

Potash 
Soda 


Manganese 

Iron 

Copptr 










Barytes 
Potash 




fron 


Tin 




Soda 




Copper 


Lead 




Lime 




Tin 


Silver 




Ammonia 




Lead 
Silver 


Gold 

Antimony 




Magnesia 
Zircon 




Cobalt 


Cobalt 








Nickel 


Nickel 








Bismuth 


Bismuth 








Antimony 


Mercury 








Mercury 


Arsenic 








Arsenic 


Carbon ? 








Jranium ? 










tfolybdena 








"■ 1 , - 


rellurium 









ATT 



ATT 



TABLE OF Simple Eleotitb Attractions. 

II—OXYGEN AND METALS. 

IN THE HUMID WAT. 



OxTGsir. 


Oxmx or 


Oxide of 


OXIDS OF 


Oxins OP 


Oxide of ' 


Gold. 


SIZ.YBB. 


Pi^TlTA. 


MSRCUBT. 


Lead. 


Zinc 


Acids, gallic 


Acids, gallic 


Acids, ^llic 


Acids, g^c 


Acids, gallic 


Iron 


muriatic 


muriatic 


muriatic 


muriatic 


sulphuric 


Tin 


nitric 


oxalic 


nitric * 


oxalic 


mucic 


Antimony 


sulphuric 


sulphuric 


sulphuric 


succinic 


oxalic 


Arsenic 


arsenic 


mucic 


arsenic 


phospho- 


arsenic 


Lead 


fluoric 


phospho- 


fluoric 


ric 


tartaric 


Bismuth 


tartaric 


ric 


tartaric 


sulphuric 


phospho- 


Copper 


phospho- 


sulphu- 


phospho- 


mucic 


ric 


Platinum 


ric 


rous 


ric 


tartaric 


muriatic 


Mercury 


acetic 


nitric 


oxalic 


citric 


sulphu- 


rPalladidm 


sebacic 


arsenic 


citric 


malic 


rous 


1 Rhodium 


prussic 


fluoric 


acetic 


sulphu- 


suberic 


1 Iridium 


Fixed alkalis 


tartaric 


succinic 


rous 


nitric 


V^Osmium 


Ammona 


citric 


prussic 


nitric 


fluoric 


Silver 


Sulphuretted 


succinic 


carbonic 


fluoric 


citric 


Gold 


hydrogen 


acetic 


Ammonia 


acetic 


malic 






prussic 




benzoic 


succinic 






carboijic 




boracic 


acetic 






Ammonia 




prussic 
carbonic 


benzoic 
boracic 










Ammonia 


prussic 
carbonic 
Fixed alkalis 














IN TUB DRY WAY. 




Fat oils 
Ammonia 


Titanium 


Gold. 


SlLV£H. 


Plativa. 


MxacuBT. 


Lead. 


Mercury 


Lead 


Arsenic 


Gold 


Gold 


Manganese 


Copper 


Copper 


Gold 


Silver 


Silver 


Zinc 


Silver 


Mercury 
Bismuth 


Copper 


Platina 


Copper 


Iron 


Lead 


Tin 


Lead 


Mercury 


Tin 


Bismuth 


Tin 


Bismuth 


Tin 


Bismuth 


Uranium 


Tin 


Gold 


Zinc 


Zinc 


Ti*. 


Molybdena 


Antimony 


Antimony 


Antimony 


Bismuth 


Antimony 


Tungsten 


Iron 


Iron 


Nickel 


Copper 


Platina 


Cobalt 


Platina 


Manganeie 


Cobalt 


Antimony 


Arsenic 


Antimony 


Zinc 


Zinc 


Manganese 


Arsenic 


Zinc 


Nickel 


Nickel 


Arsenic 


Iron 


Iron 


Nickel 


Arsenic 


Arsenic 


Nickel 


Lead 


Alkaline sul- 


Iron 


Chromium 


Cobalt 


Platina 


Silver 


phurets 
Sulphur 


Alkaline sul- 


Bismuth 


Manganese 


Alkaline luN 


Mercury 


phurets 


Lead 


Alkaline sul^ 


phurets 


Alkaline suL 




Sulphur 


Copper 
Tellurium 


phurets 




phurets 






Platinum 












iMercury 












Silver 












Gold 












Hydrogen 

Carbon 

Boron 


The column 




Phosphorus 
Sulphur 
Azote 
Chlorine 


the order in wl 


lich the metals precipitate one another firom acid solutions ; 


the second , ace 


ented V the difficulty with which their oxides are deeompo- 
[t is different from Bergmann's column. 


sedVheat. 1 



ATT 



ATT 



TABLE OF Simple Eleotitx Attraotiovs. 
METALS— (continued). 



IN THE HUMID WAT. 



OxiDi or 


Oxinx or 


OXIBX Of 


Oxide or 


Oxiss or 


OxiBB or 


Coppim. 


Isoir. 


, T«. 




Nickel. 


Absxhic. 


Acids, caUiiC 


Acids, gallic 


Acids, gallic 


Acids, oxalic 


Acids, oxalic 


Acids, ^Uic 


oxalic 


oxalic 


tartaric 


arsenic 


muriatic 


munatic 


tartaric 


tartaric 


muriatic 


tartaric 


sulphuric 


oxalic 


muriatic 


campho- 


sulphuric 


phospho- 


tartaric 


sulphuric 


sulphuric 


ric 


oxalic 


ric 


nitric 


nitric 


mucic 


sulphuric 


arsenic 


sulphuric 


sebacic 


sebacic 


nitric 


mucic 


phospho- 


muriatic 


phospho- 


tartaric 


arsenic 


muriatic 


ric 


nitric 


ric 


phospho- 


phospho- 


nitric 


nitric 


fluoric 


fluoric 


ric 


ric 


phospho- 


succinic 


mucic 


mucic 


fluoric 


succinic 


ric 


fluoric 


succinic 


succinic 


mucic 


fluoric 


arsenic 


mucic 


ciiric 


citric 


succinic 


citric 


fluoric 


citric 


acetic 


acetic 


citric 


acetic 


succinic 


acetic 


prussic 


arsenic 


arsenic 


boracic 


citric 


boracic 


carbonic 


boracic 


acetic 


prussic 


acetic 


prussic 


Anmionia 


prussic 


prussic 


carbonic 


boracic 


Potash 


* 


carbonic 


Fixed alkalis 


Potash 


prussic 


Soda 




Ammonia 


Ammonia 


Soda 


carbonic 


Ammonia 






Fat oils 


Ammonia 










Water 


Compound 












salts 
Fat oils 














IN THE DRY WAY. 






Corp£B. 


iBON. 


Tim. 




NiCKXK. 


Ansxiric. 


Gold 


Nickel 


Zinc 


Lead 


Iron 


Nickel 


Silver 


Cobalt 


Meicuiy 


Silver 


Cobalt 


Cobalt 


Iron 


Manganese 


Copper 


Gold 


Arsenic 


Copper 
Iron 


Arsenic 


Arsenic 


Antimony 


Mercuiy 


Tin 


Manganese 
Zinc 


^rr . 


Gold 

Silver 


Antimony 
Tin 


Silver 
Tin 


Antimony 
Platina 


Silver 
Tin 


Lead 
Iron 


Copper 
Plauna 


Antimomr 
Platina 


Lead 
Gold 


Tin 


Antimony 


Manganese 


Nickel 


Bismuth 


Platina 


Lead 


Platina 


Nickel 


Iron 


Lead 


Zinc 


Nickel 
Bismuth 


Bismuth 
Lead 


^rsenie 
Platina 


Zinc 
Alkaline sul- 


Silver 
Zinc 


Antimony 
Alkaline sul" 


Cobalt 


Alkaline sul- 


Bismuth 


phurets 
Sulphur 


Alkaline sul- 


phurets 
Sulphur 


Mercury 
Alkaline sul- 

phurets 
Sulphur 


phurets 
Sulphur 


Cobalt 
Alkaline sul- 
phurets 


phurets 
Sulphur 




Sulphur 









ATT 



ATT 



TABLE OF Simple ELEctivfc Attractions. 
METALS— (concluded.) 

m xpE mjMID WAY. 



OXIOB OF 


OXIBX OJ^ 


OXISE OF 

ANTiftfixr. 


f OXIDBOF 


OXIDB OP 


OXIDB OF 


Cobalt. 


Ziirc. 


MaX6ANKSE< 


TSLLUHIUM. 


TrrANivw. 


Acids, oxalic 


Acids, gallic 


Acids, gallic 


A-cids, oxalic 


Adds, nitric 


Acids,sulphu- 


muriatic 


oxalic 


muriatic 


tartaric 


nitro-mu- 


ric 


sulphuric 


sulphuric 


benzoic 


citric 


riatic 


nitric 


taHaric 


muriatic 


oxalic 


fluoric 


sulphuric 


muriatic 


nitric 


mucic 


sulphuric 


phospho- 


Sulphur 


prussic 


phospho- 


nitric 


nitric 


ric 


Alkalis 


• 


ric 


tartaric 


tartaric 


nitric 


Mercury 




fluoric 


phospho- 


mucic 
* phospho- 
ric 


sulphuric 






muclc 
succinic 


ric 
citric 


muriatic 
arsenic 




Oxide of 


citric 
acetic 


succinic 
fluoric 


citric 


acetic 




UaAiriuic. 


succinic 


prussic 






arsenic 


arsenic 


fluoric 


carbonic 




Acids, sulphu- 


boracic 


acetic 


arsenic 






ric 


prussic 


boracic 


apetic 






nitro-mu- 


carbonic 


prussic 


boracic 






" riatic 


Ammonia 


carbonic 


prusgic 






muriatic 




Fixed alkalis 


carbonic 






nitric 




Ammonia 


Sulphur 
Fixed alkalis 
Ammonia 






phospho- 
ric 
acetic 

gaUic 
prusMC 








IN 1 


rHE DRY WAY. 




carbonic 
Sulphur 


Cobalt. 


Zinc. 


Ahtimont. 


&£AHaANS8E. 


Tjelldbiitx. 


Iron 


Copper 


Iron 


Copper 


Mercury 


Nickel 


Antimony 


Copper 


Iron 


Sulphur 




Arsenic 


Tin 


Tin 


Gold 






o'sr 


Mercury 


Lead 


Silver 






Silver 


Nickel 


Tin 






Platina 


Gold 


Silver 


AlkaUne sul- 






Tin 


Cobalt 


Bismuth 


pbureU 






Antimony 


Arsenic 


Zinc 








Zinc 


Platina 


Gold 








Alkaline sul- 


Bismuth 


Platina 








phurets 
Sulphur 


Lead 


Mercury 








Nickel 


Arsenic 










Iron 


Cobalt 
Alkaline sul- 
phuretft 












Sulphur 


















\ 



Vm. t? 



{27} 



AZU 



AZU 



. tiftfd, but yields to the fi1e» and easily 
'broken. Sp.gr. 3.25. It froths like zeo- 
lite before the blow-pipe, melting into a 
black enamel, or a dark green glass. Ac- 
^rding to Vauquelin's analyus, it con- 
tains 44 silica, 18 alumina, 19 lime, 14 ox- 
ide of iron, and 4 oxide of manganese. It 
is found in beds at Thum in Saxony; in 
Rillas at Botallack near the Land's-end, 
Cornwall ; and at Trewellard in that neigh- 
bourhood.* 

AsoTS. See Gas (Nitbosxv). 

* Azuss-STOivx, or Lapis Lazuli. This 
nassive mineral is of a fine azure blue co- 
lour. Lustre glistening. Fine grained 
uneven fracture. Scratches glass, but 
scarcely strikes fire with steel. Opaque, 
or translucent on the very edges. Easily 
broken. Sp. grav. 2.85. In a very strong 
beat it intumesces, and melts into a yel- 
lowish-black mass. After calcination it 
forms a jelly with .acid^. It consists of 46 
silica, 28 Ume, 14.5 alumina, 3 oxide of 
iron, 6.5 sulphate of lime, and 2. water, 
according to Klaproth. But by a later 
and most interesting research of MM. Cle- 
ment and Desormes^ lapis lazuli appears 
to be composed of 34 silica, 33 alumma, 3 
sulphur, and 22 soda. (Ann. de Chimie, 
torn. 57.) In this analysis, however, a 
loss of eight per cent was experienced. 
These distinguished chemists consider the 
above ingredients essential, and the 2.4 of 
lime and 1.5 of iron, which they have oc- 
casionally met with, as accidental. It is 
^fam azure'Stone that the beautiful and un- 



changeable blue colour ultramarine isp^tfV 
pared. The finest specimens are brought - 
from China, Persia, and Great Bucharia. 
They are made red-hot in the fire, and 
thrown into water to render them easily 
pulverizable. They are then reduced to 
a fine powder^ and intimately combined 
with a varnish, formed of rosin, wax, and 
boiled linseed oil. This pasty mixture is 
put into a I'uien cloth, and repeatedly 
kneaded with hot water : the first watery 
whidi is usually dirty, is thrown away ; 
the second gives a blue of the first quality ; 
and the third yields one of less value. The 
process is founded on the property which 
the colouring matter of azure-stone has of 
adhering less firmly to the resinous cement, 
tlian the foreign matter with which it is 
associated. When azure-stone has its co- • 
lour altered by a moderate heat, it is reck- ■ 
oned bad. Messrs.. Clement and Desormes 
consider the extraction of ultramarine a» 
a species of saponificatjon.*'' 

* AzuaiTK, die Lazuuts of Werner and 
Haiiy. This mineral is often found in 
oblique quadrangular crystals of a fine 
blue colour. It i» translucent only on the 
edges, brittle, and nearly as hard as quartz . 
When massive, it is either in i^rains, or 
bits like a hazel nut. It occurs imbedded 
in mica slate. Its lustre is vitreous. Its 
constituents are 66 alumina, 18 magne«a, 
10 sihca, 2.5 oxide of iron, 2 lime. It oc- 
curs in Voraii in Stiria in a gangue d 
2uartz; but the finest specimens 
■om the biahopric of Salzburg^ 



B 



BALANCE. The beginning and end of 
every exact chemical process consists 
in weighing. With imperfect instruments 
this operation will be tedious and inaccu- 
. rate; but with a good balance, the result 
urill be satisfactory; and much time, which 
IB so precious in experimental researches, 
'will be saved. 

The balance is a lever, the axis of mo- 
tion of which is formed with an edge like 
tbat of a knife; and the two dishes at its ex- 
tremities are hung upon edges of the same 
kiniL These edges are first made sharp, 
and then rounded with a fine hone, or a 
piece of buff leather. The excellence of the 
instrument depends, in a great measure, 
on the regular form of this rounded part. 
>Vhen the lever is considered as a mere 
line, the two x>uter edges are called points 
of suspension, and the inner the fulcrum. 
The points of suspension are supposed to 
be at equal distances from the fulcrum^ and 
to be pressed with equal weights when 
loaded. 

1. If the fulcrum be placed in the centre 
of gravity of the beam, and the three ed- 
ges Ue^ all in the same right line, the bal- 
ance will have no tendency to one position 
more than another, but will rest in any po- 
sition it may be placed in, whether the 
scales be on or off, empty or loaded. 

2. If the centre of gravity of the beam, 
vhen level, be immediately above the ful- 
crum, it will overset by the smallest action; 
that is, the end which is lowest will descend: 
and it wiU do this with more swiftness, 
the higher the centre of p^avity, and the 
less the points of suspension are loaded. 

3. But if the centre of gravity of the 
beam be immediately below the fulcrum, 
the beam will not rest in any position but 
when level: and, if disturbed from this po- 
sition, and then left at liberty, it will vi- 
brate, and at last come to rest on the level. 
Its vibrations will be quicker, and its ho- 
rizontal tendency stronger, the lower the 
centre of gravity, and the less the weights 
upon the points of suspension. 

4. If the fulcrum be below the line join- 
ing the pmnts of suspension, and these be 
loaded, the beam will overset, unless pre- 
vented by the weight of the beam tending 
to produce a horizontal position, as in § 3. 
In this last case, small weights will eqiuti- 
brate, as in $ 3.; a certain exact weight \<Ytl 
rest in any position of the beam, as in $ 1.; 
and all grater weights will cause the beam 
to overset, as in $ 2. Many scales are often 
made this way, and will overset witli any 
considerable load. 

5. If the fulcrum be above the line join- 
ing the points of suspension, the beam ^Vill 
come to the horizontal position, unless pre- 
vented by its own weight, as in $ 2. If the 
centre of gravity of the beam be nearly in 



the fulcrum, all the vibrations of the loaded 
beam will be made in times nearly equals 
unless the weights be very small, when 
they will be slower. The vibrations of 
balances are quicker, and the horizontal 
tendency stronger, the higher the mlcrum« 

6. If the arms of a balance be unequal^ 
the weights in equipoise will be unequal in 
the same pmportion. It is a severe check 
upon a workman to keep the arms equal, 
while he is making, the other adjustments 
in a strong and iniiexihle beam. 

7. The equality of the arms of a balanee 
is of use, in scientific pursuits, chiefly in 
making weights by bisection. A balance 
with unequal arms will weigh as accurately 
as another of the same workmanship with 
equal arms, provided the standard weight 
itself be first counterpoised, then taken out 
of the scale, and the tiling to be weighed 
be put into the scale, and adjusted against 
the counterpoise; or when proportional 
quantities only are considered, as in che- 
mical and in other philosophical experi- 
ments, the bodies and products under exa- 
mination may be weighed against the 
weights, taking care always to put the 
weights into the same scale. For then, 
though the bodies may not be really equal 
to the weights, yet their proportions among 
each other may be the same as if they had 
been accurately so. 

8. But though the equality of the arms 
may be well dispensed with, yet it is indis- 
pensably necessary, that their relative 
lengths, whatever they may be, should con- 
tinue invariable. For this purpose, it is ne- 
cessary, either that the three edges be all 
truly parallel, or that the points of suspen- 
sion and suppoil should be always in the 
same part of the edge. This last requisite 
is the most easily obtained. 

The balances made in London are usual- 
ly constructed in such a manner, that the 
bearing parts form notches in the other 
parts of the edges; so that the scales being 
set to vibrate, all the parts naturally fall 
into the same bearing. The balances made 
in the country have the fulcrum edge 
straight, and confined to one constant bear- 
ing by two side plates. But the points of 
suspension are referred to notches in the 
edges, like the London balances. The bal- 
ances here mentioned, which come frotn 
the country, are enclosed in a small iron 
japanned box; and are to be met with at 
the Birmingham and Sheffield warehouses, 
though less frequently than some years Sifoi 
because a pocket contrivance for weighing 
guineas and half-guineas has ^t posses- 
sion of the market. They are, m general, 
well made and adjusted, turn with the 
twentieth of a g^ain when empty, and will 
sensibly show the tenth of a grain, with an 
ounce in each scale. Their price is from 
22 
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%ye fthillingf to half a guinea; but those 
which are under seven shillings have not 
their edges hardened, and consequently are 
not durable. This may be ascertai^ned by 
the pur^aser, by passing the point of a 
penknife across the small piece which goes 
through one of the end boxes: if it makes 
any mark or impression, the part is soft. 

9. If a beam be adjusted so as to have no 
tendency to any one position, as in $ 1. and 
the scales be equally loaded; then, if a small 
weight be added in one of the scales, that 
balance will turn, and the points of suspen- 
sion will move with an accelerated motion, 
similar to that of falling bodies, but as 
much slower, in proportion, very nearly, as 
the added weight is less than the whole 
weight borne by the fulcrum. 

10. The stronger the tendency to a hori- 
zontal position in any balance, or the 
quicker its vibrations, §§ 3. 5. the greater 
additional weight will be required to cause 
it to turn, or incline to any given angle. No 
balance, therefore, can turn so quick as the 
motion deduced in § 9. Such a balance as 
is there described^ if it were to turn with 
the ten-thousandth part of the weight, would 
move at quickest ten thousand times slower 
than falling bodies; that is, the dish contain- 
ing the weight, instead of falling through 
sixteen feet in a second of time, would fall 
through only two hundred parts of an inch, 
and it would require four seconds to move 
through one-third part of an inch; conse- 
quently all accurate weighing must be slow. 
If the mdexes of two balances be of equal 
lengths, that index which is connected with 
the shorter balance will move proportional- 
ly quicker than the other. Long beams are 
tie most in request, because they are 
thought to have less friction; this is doubt- 
ful; but the quicker angular motion, greater 
strength, and less weight of a short balance,^ 
are certainly advantages. 

11. Very delicate balances are not only 
useful in nice experiments, but are likewise 
much more expeditious tlian others in com- 
mon weighing. If a pair of scales with a 
certain load be barely sensible to one-tenth 
of a grain,- it will require a considerable 
time to ascertain the weight to that degree 
of accuracy, because the turn must be ob- 
served several times over, and is vc7*y small. 
But if no greater accuracy were required, 
and scales were used, which would turn 
with the hundredth of a grain, a tenth of 
a grain, more or less, would make so great 
a difference in the turn, that it would be 
seen immediately. 

12. If a balance be found to turn with a 
certain addition, and is not moved by any 
smaller weight, a greater sensibility may be 
given to that balance, by producing a tre- 
mulous motion in its parts. Thus, if the 
tdgc of a blunt saw, a file, or other similar 



instrument, be drawn along any part of the 
case or si»pport of a balance, it will pro- 
duce a jarring, which will diminish the 
friction on thi moving parts so much, that 
the turn will be evident with one-third or 
one-fourth of the addition that would else 
have been required. In this way, a beam 
which would barely turn by the addition 
of one-tenth of a grain, will turn with one- 
thirtieth or fortieth of a grain. 

13. A balance, the horizontal tendency 
of which depends only on its own weight, 
as in § 3. will turn with the same addition, 
whatever may be the load; except so far as 
a greater load will produce a greater fric- 
tion. 

14. But a balance, the horizontal tenden- 
cy of which depends only on the elevation 
of the fulcrum, as in $ 5. will be less sen- 
sible the greater the load; and the addition 
requisite to produce an equal turn will be 
in proportion to the load itself. 

15. In order to regulate the horizontal 
tendency in some beams, the fulcrum is 
placed below the points of suspension, as 
m $ 4. and a sliding weight is put upon the 
cock or index, by means of which the centre 
of gravity may be raised or depressed. This 
is a useful contrivance. 

16. Weights are made by a subdivision 
of a standard weight. If the weight be con- 
tinually halved, it will produce the common 
pile, which is the smallest number for 
weighing between its extremes, without 
placing any weight in the scale with the 
body under examination. Granulated lead 
is a very convenient substance to be used 
in this operation of halving, which, how- 
ever, is very tedious. The readiest way to 
subdivide small weights, consists in weigh- 
ing a certain quantity of small wire, and 
afterward cutting it into such parts, by 
measure, as are desired; or the wire may 
be wrapped close round two pins, and then 
cut asuiider with a knife. By this means it 
will be divided into a great number of 
equal lengths, or small rings. The wire 
ought to be so thin, as that one of these 
rings may barely produce a sensible effect 
on the beam. If any quantity (as, for ex- 
ample, a grain) of these rings be weighed, 
and the number then reckoned, the grain 
may be subdivided in any proportion, by di- 
viding that number, and makingthe weights 
equal to as many of the rings as the quo- 
tient of the division denotes. Then, if 750 
of the rings amotmted to a grain, and it 
were required to divide the grain decimally, 
downwards, 9-lOths would be equal to 675 
rings, 8-lOths would be equal to 600 rings, 
7-y)ths to 525 rings, &c. Small weights may 
be made of thin leaf brass. Jewellers* foil 
is a good material for weights below 1-lOth 
of a grain, as low as to 1-lOOth of a g^ain; 
and all lower quantities may be either esti- 
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mated by the position of the index, or 
shown by actually counting the rings of 
wire, the value of which has been deter- 
mined. 

17. In philosophical experiments, it will 
be found very convenient to admit no more 
than one dimension of weight. The grain is 
of that magnitude as to deserve the pre- 
ference. With regard to the number of 
weights the chemists ought to be provided 
with, writers have differed according to 
their habits and views. Mathematicians 
have computed the least possible number, 
with which all weights within certain lim- 
its might be ascertained; but their deter- 
mination is of little use. Because, with so 
small a number, it must often happen, that 
the scales will be heavily loaded with 
weights on each side, put in with a view 
only to determine the difference between 
them. It is not the least possible number of 
weights which it is necessary an operator 
should buy to effect his purpose, that we 
ought to inquire after, but the most con- 
venient number for ascertaining his in- 
quiries with accuracy and expedition. The 
error of adjustment is the least possible, 
when only one weight is in the scale; that 
is, a single weight of five grains is twice 
as likely to be true, as two weights, one of 
three, and tlie other of two grains, put into 
the dish to supply the place of the single 
five; because each of these last has its own 
probability of error in adjustment. But 
since it is as inconsistent with convenience 
to provide a single weight, as it would be 
to have a single character for every num- 
ber; and as we have nine characters, which 
we use in rotation, to express higher values 
according to their position, it will be found 
very serviceable to make the set of weights 
correspond with our numerical system. 
This directs us to the set of weights as 
follows: 1000 grains, 900 g. 800 g. 700 g. 
600 g. 500 g, 400 g. 300 g. 200 g. 100 g. 
90 g. 80 g. 70 g. 60 g. 50 g. 40 g. 30 g. 
20 g. 10 g. 9g. S^^ 7^' ^S- ^S' 4g. 
3ff. 2g. Ig. A S- tV g- tV g- tV g- 
•nr g- tV g- -nr g- A S- tV g- ih g- 

tU g- Tk g- Tfff g- tU g- tU g- 
TOT g* xfrr g* T^ g- With these the 
philosopher will always have the same 
number of weights in his scales, as tlie9i| 
arc figures in the number expressing the 
weights in grains. 

Thus 7425 grains will be weighed by 
the weights 700, 40, 2, and 5-lOths. 

I shall conclude this chapter with an ac- 
count of some balances I have seen or 
heard of, and annex a table of the corres- 
pondence of weights of different countries. 

Muschenbroek, in his Cours de Physique, 
(French translation, Paris, 1769), torn. ii. 
p. 247. says, he used an ocular balance of 
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great accuracy, which turned (trebuchdt) 
with Jg. of a grain. The substances h% 
weighed were between 200 and 300 grains. 
His balance therefore weighed to the .jtj^i^ 
part of the whole; and would ascertSin such 
weights truly to four places of figures. 

In the Philosophical Transactions, voL 
Ixvi. p. 509. mention is made of two accu- 
rate balances of Mr. Bolton; and it is said 
that one would weigh a pound, and turn 
with -j?g. of a grain. This, if the pound be 
avoirdupois, is i^^^^^ of the weight; and 
shews that the balance could be well depend- 
ed on to four places of figures, and probably 
to five. The other weighed half an ounce, 
and turned with yj^ of a g^-ain. This is 
^Thnr of ^^'^ weight. 

In the same volume, p. 511. a balance of 
Mr. Read's is mentioned, which readily 
turned with less than one pennyweight, 
when loaded with 55 pounds, before the 
Royal Society; but very distinctly turned 
with four grains, when tried more patiently. 
This is about y g^^^ part of the weight; 
and therefore this balance may be depend- 
ed on to five places of figures. 

Also, page 576. a balance of Mr. White- 
hurst's weighs one pennyweight, and is sen- 
sibly affected with -^^^ of a grain. This 
'* TSX^inT P**^ °f ^^^ weight, 

I have a pair of scales of the common 
construction, § 8. made expressly for me by 
a skilful workman in London, With 1200 
grains in each scale, it turns with y^j- of a 
grain. This is - ^^l^^ of the whole; and 
therefore about this weight may be known 
to five places of figures. The proportional 
delicacy is less in greater weights. The 
beam will weigh near a pound troy; and 
when the scales are empty, it is affected by 
J^^ of a grain. On the whole, it may be 
usefully applied to determine all weights be- 
tween 100 grains and 4000 grains to four 
places of figures. 

A balance belonging to Mr. Alchome of 
the Mint in London, is. mentioned, vol. 
Ixxvii. p. 205. of the Philosophical Transac- 
tions. It is true to 3 grains, with 15 lb, an 
end. If these were avoirdupois pounds, the 
weight is known to - g^l^^ part, or to four 
places of figures, or barely five. 

A balance, (made by Ramsden, and turn- 
ing on points instead of edges) in the pos- 
session of Dr. George Fordyce, is mentioned 
in the seventy-fifth volume of the Philoso- 
phical Transactions. With a load of four 
or five ounces, a difference of one division 
in the index was made by ^ysW °^ * grain. 
This is -jT^Vinr P*^ ^^ ^^^ weight, and 
consequently this beam will ascertain such 
weights to five places of figures, beside an 
estinute figure. 
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^ I hATe leen a strong balance in the pos* 
seMion of my friend Mr. Magellan, of the 
kind mentioned in f 15. which would bear 
•everal pounds, and showed -]^of a grun, 
with one pound an end. This is fjplfj^ of 
the weight, and answers to five figures. But 
I think it would have done more by a more 
fMitient trial than I had time to make. 

The Royal Society's balance, which was 
lately made by Uamsden, turns on steel 
edges, upon planes of polished crysul. I 
was assured, Uiat it ascertained a weight to 
the sevett-miUionth part. 1 was not present 
at this trial, which must have i*eauired great 
care and patience, as the point of suspension 
could not have moved over much more than 
the j^ of an inch in the first half minute; 
but, from some trials which I saw, I think it 
probable that it may be used in general 
practice to determine weights to Bvt places 
and better. 

From this account of balances, the stu- 
dent may form a proper estimate of the 
value of those tables of specific gravities, 
which are carried to ^ve, six, and even 
seven places of figures, and likewise of the 
theoretical deductions in chemistry, that 
depend on a supposed accuracy in weighing, 
which practice does not authorise. In gene- 
ral, where weights are given to five places 
of figures, the last figure is an estimate, or 
guess figure; and where they are carried 



farther, it may be taken Ibr granted, that 
the author deceives either intentionally^y^r 
from want of skill in reducing his weights 
to fractional expressions, or otherwise. 

The roost exact standard weights were 
procured, by means of the ambassadors of 
France, resident in various places; and these 
were compared by Mons. Tillet with tlie 
standard mark in the pile preserved in the 
Gourde Monnoies de Paris. His experiments 
were made with an exact balance made to 
weigh one marc, and sensible to one quarter 
of a grain. Now, as the marc contains 
18433 quarter grains, it follows that this 
balance was a good one, and would exhibit 
proportions to four places, and a guess 
figure. The results are contained in the fol- 
lowing table, extracted from Mons. Tillet'a 
excellent paper in the Memoirs of the 
Royal Academy of Sciences for the year 
1767' I have added the two last eolumns, 
which show the number of French and 
English grains contained in the compound 
quantities against which they stand. The 
English grains are computed to one-tenth 
of a grain, although the accuracy of weigh- 
ing came no nearer than about two-tenths. 

The weights of the kilogramme, gramme, 
decigramme, and centigramme, which are 
now frequently occurring in the French che- 
mical writers, are added at the bottom of this 
table, according to their respective values. 



Table of Hie Weights of different Countries. 



Place and Denemnation of Weighi9, 

JBerlin. The marc of 16 loths, . . - . 

Jleme. Goldsmiths' weight of 8 ounces, 

Berne, Pound of 16 ounces, for merchan- 
dise, 

The common pound varies very consi- 
derably in other towns of the canton. 

Seme. Apothecaries' weight of 8 ounces, 

JBonn, « • • - « . 

JBrweU. The marc, or original troyes wt 

Colngn, The marc of 16 loths, 

Ctutantinople. The cheki, or 100 drachms, 

Copenhagen. Goldsmiths' weight, com-"^ 
roonly supposed equal to the marc > 
of Cologn, J 

Copenhagen, Merchants' weight of 16 loths, 

JDantxic weight, commonly supposed "> 
equal to the marc of Cologn, C 

Florence. The pound (anciently used by > 
the Romans), c 

Genoa. The peso sottile, 

Genooi The peso grosso, ... 

Bamburgh weight, commonly supposed 7 
equal to the Cologn inarc, C 

iKim^rj^A. Another weight, - . 

JUege. The Brussels maiH: used; but the7 
weight proved, ^ 

IMon, The marc, or half -pound, * . 
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JPUtee and jDetwminatwn of Waghii. 
JLondmt. The pound troy, 
Jj9n4m, The pound avoirdttpois^ - 
iMcca, The pound, ... 
Madrid, The marc royal of Castile, 
MaUa, The pound, 
Jdankeim. (The Cologn marc), 
Milatu The marc, . • - 
MiStau The libra grossa, 
JHunieh. (The Cologn marc), 
J^apte^. The pound of 12 ounces, - 
BaH9b9iLT}M weight for gold: of 128crown6 
Matidtw* The weight for ducats: of 64^ 
ducats, 5 

JRatubcn. The marc of 8 ounces, 
Batiabon. The pound of 16 ounces, 
B9me. The pound of 12 ounces, 
Stockholm. The pound of 2 marcs, 
tStutt^rd. (The Cologn marc), 
Turin. The mar^ of 8 ounces, 

At Turin th^y have also a pound of 12 

of the above ounces. But, in their 

apothecaries' pound of 12 ounces, 

the ounce is one-sixth lighter. 

fFargaw. The pound, . - - - 

Verdee. The libra grossa of 12 ounces, 

V^mce. The peso sottile of 13 ounces, 

In the pounds dependent on Venice, the 

pound differs considerably in each 

Vienna. The marc of commerce, - 

Vienna. The marc of money, 

England, The grain, - . . 

France, The grain, . - . 

The kilogramme. 

The g^mme. 

The deci^amme. 

The centigramme, - 
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See Tables of Weights and Msasubks in the Appendix. 



** The commissioners, appointed by the 
British government for considering the sub- 
ject of weights and measures, gave in their 
first report on the 24th June 1819. The fol- 
lowing is the substance of it : 

*' 1 . With respect to the actual magnitude 
of the standards of length, the commis- 
-gioners are of opinion, that there is no suffi- 
cient reason for altering those generally 
employed, as there is no practicid advan- 
tage in having a quantity commensurable to 
any orig^al quantity existing, or which miff 
be imagined to exist, in nature, except as 
affording some little encouragement to its 
common adoption bv neighbouring nations. 

*^2, The subdivisions of weights and 
measures at present employed in this coun- 
try, appear to be far more convenient for 
practical purposes than the decimal scale. 
The power of expressing a third, a fourth, 
and a sixth of a foot in inches, without a 
fraction, is a peculiar advantage in the duo- 
decimal scale; and for the operation of 
«\rigbihg and of measuring capacities, the 



continual division by two, renders it practi- 
cable to make up any g^ven quantity with 
the smallest possible number of weights and 
measures, and is far preferable in this res- 
pect to any decimal scale. The coipmis- 
sioners therefore recommend, that all the 
multiples and subdivisions of the standard 
to be adopted, should retain the same re- 
lative proportions to each other as are at 
present in general use. 

** 3. That the standard yard should be that 
employed by Gen. Roy in the measurement 
of a base on Uounslow Heath, as a founda- 
tion pf the great trigonometrical survey. 

^'4. That in case this standard should be 
lost or impaired, it shall be declared, that 
the length of a|>endulum, vibrating seconds 
of mean solar time in London, on the level 
of the sea, and in a vacuum, is 39.1372 in- 
ches of the standard scale, and that the 
length of the French metre, as the 10 mil- 
liomi part of the quadrantal arc of the 
Meridian, has been feund equal to 39.36$4 
inches. 
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*' 5. That 10 ounces troj, or 4800 grains, 
should be declared equal to the weight of 

19 cubic inches of distilled water, at the 
temperature of 50^, and that one pound 
avoirdupois must contain 7000 of these 
grains. 

** 6. That the standard ale and com gal- 
lon should contain exactly ten pounds avoir- 
dupois of distilled water at 62° Fahr. being 
nearly equal to 277.2 cubic inches, and 
agreeing with the standard pint in the Ex- 
chequer, which is found to contain exactly 

20 ounces of water. The customary ale gal- 
lon contains 282 cubic inches, and the Win- 
chester com gallon 269, or according to 
other statutes 272i cubic inches; so that no 
inconvenience can possibly be felt from the 
introduction of a new gallon of 277.2 inches. 
The commissioners have not decided upon 



the propriety of abolishing entirely the use 
of the wine gallon.'* 

The following elegantly simple relations 
of weight and measure were suggested by 
Dr. WoUaston, iji his examination before 
the committee; and it is to be hoped they 
will be adopted in Uie national system: 

" There is one standard of capacity that 
would be ^Wtct</ar/y advantageous, because 
it would bear simple proportions to the mea- 
sures now in use, so that one of the great 
inconveniences arising from chang^e of the 
standard would be obviated, by the facility 
of making many necessary computations 
without reference to tables. 

" If the gallon measure be defined to be 
that which contains 10 lbs. of water at 56^^ 
Fh then, since the cubic foot of water 
weighs 1000 oz. at 56^°, 



i pint = 10 oz. ^ f^ cubic foot = 17.28 inches. 
Pint = 20 oz. = 34.56 inches. 
Bushel = 80 lb. = 2211.84 

*' And the simple proportions above alluded to will be found as follows: 



The gallon of 10 lb. 

Also, 
Tlie pint of 1 J lb. 
Bushel of 80 lb. 
A cylinder of 18} in. diam. 
Ditto 18| 



Cubic Inches. 
= 276.48 X If = 282.01 
= 276.48 X tI = 230.40 
= 34.56 X 3 = 103.68 
= 2211.84 X H- = 2150.40 
X 8 = 2208.93 
X 8.0105 



282 beer gallon. 
231 wine gallon. 
1034 Stirlg. jug. 
2150,42 Winch, bush. 
Approximate bush. 
221.184 new bush. 



** The following mode of defining the standards of length, weight, and capacity, is 
submitted to the committee on weights and measures, as the most distinct answer to 
their inquiries: * 

One vard of 36 'nches ^ ** "uch, that a pendulum of 39.13 inches, vibrates seconds 
^ * * '3 in London. 

Avoir. ^^^ 16 o"^* °^ \ " *"^^' *^** ^^^ ^^^^^ *^^^ ®^ ^*^^'' *^ ^^^''' weighs 1000 oz. 

Troy. {°576o°""ains^ \ " *"^^' ****^ "^^^^ ^*^"® ~ ^ P°""^ (avoirdupois). 

7 nuiy be such as to contain 10 pounds of distilled water at the 
3 temperature of 56^° Fahr. with great convenience." 



One gallon, of 8 pints, 



Captain Kater has lately made a small 
correction on his first determination of the 
length of the pendulum vibrating seconds 
in the latitude of London. Instead of 
39 13860 inches, as given in the Ph. Trans, 
for 1818, he has made it 39.13929 inches 
of Sir Geo.Shuckburgh's standard scale. 
Mr. Watts, in the 5th number of the Edin- 
burgh Philosophical Journal, makes it = 
39.138666 of the above scale, or = 
39.1372405 of General Boy's scale, at Cap- 
tain Kater's temperature of 62° Fahr. and 
0.9941 of a metre.* * 

* Baikalite. See Trbmolite, ASf 

BBSTlFOaM.* 

Balas, or Balais Ruby. See Spi- 

KELLE. 

Balloon. Receivers of a spherical f<^m 
are called balloons. 



Balloon. See Aerostatics. 

* Balsams, are vegetable juices, either 
liquid, or which .spontaneously become 
concrete, consisting of a substance of a re- 
sinous nature, combined with benzoic acid, 
or which are capable of affording benzoic 
acid, by being heated alone, or with water. 
They are insoluble in water, but readily 
dissolve in alcohol and ether. The liquid 
balsams are copaiva, opollalsam, Peru, sty- 
rax, tolu; the*concrete are benzoin, dragon's 
blood, and storax; which see.* 

Balsam of Sulphur. A solution of 
sulphur in oil. 

* Baldwin's Phosphorus. Ignited ni- 
trate of lime.* 

* Barium. The metallic basis of the 
earth barytes has been called barium by its 
discoverer, Sir HU Davy. Take pure barytes, 
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make it into a fiaste with water, and put this 
on a plate of platinum. Make a cavity in the 
middle of the barytes, into which a globule 
of mercury is to be placed. Touch the glob- 
ule with the negative wire and the platinum 
with the positive wire, of a voltaic battery of 
about 100 pairs of plates in good action. In a 
short time an amalgam will be formed, con- 
sisting of mercury and barium. This amal- 
gam must be introduced into a little bent 
tube, made of glass free from lead, sealed at 
one end, which being filled with the vapour 
of naphtha, is then to be hermetically sealed 
at the other end. Heat must be applied to 
the recurved end of the tube, where the 
amalgam lies. The mercury will distil over, 
while the barium will remain. 

This metal is of a dark grey colour, with 
a lustre inferior to that of cast-iron. It is fu- 
sible at a red heat. Its density is superior 
to that of sulphuric acid; for though sur- 
rounded with globules of gas, it sinks im- 
mediately in that liquid. When exposed to 
air, it instantly becomes covered with a 
crust of barytes; and when gently heated in 
air, bums with a deep red light. It eiferves- 
ces violently in water, converting this li- 
quid into a solution of bai7tes. Sir H. Davy 
thinks it probable that barium may be pro- 
cured by chemical as well as electrical de- 
composition. When chloride of barium, or 
even tlie dry earth, ignited to whiteness, is 
exposed to the vapour of potassium, a dark 
grey substance is found diffused through 
the barytes or the chloride, not volatile, 
which effervesces copiously in water, and 
possesses a metallic appearance^ which dis- 
appears in the air. The potassium, by being 
thus transmitted, is converted into potash. 
From indirect experiments. Sir H.Davy was 
inclined to consider barytes as composed of 
89.7 barium -|- 10.3 oxygen = 100. This 
would make the prime equivalent of barium 
8.7, and that of barytes 9.7, compared to 
that of oxygen 1.0; a determination pcobably 
very exact. Dr. Clark of Cambridge, by ex- 
posing dry nitrate of barytes on charcoal, to 
the intense heat of the condensed hydroxy- 
gen flame, observed metallic globules in the 
midst of the boiling fluid, and the charcoal 
was found to be studded over with innumer- 
able globules of a pure metal of the most 
brilliant lustre and whiteness. On letting 
these globules fall from the charcoal into 
Water, hydrogen was evolved in a continued 
stream. When the globules are plunged in 
naphtha,' they retain their brilliancy but 
for a few days. 

Barium combines with oxygen in two 
proportions forming, 1st, barytes, and 2d, 
the deutoxide of barium. 

Pure barytes is best obtained by igniting 
in a covered crucible, the pure crystallized 
nitrate of barytes. It is procured in the state 
of hydrate^ by adding caustic potash or soda 



to a solution of the muriate or nitrate. And 
barytes, slightly coloured with charcoal, 
may be obtained by strongly igniting the 
carbonate and charcoal mixed together in 
fine powder. Barytes obtained from the ig- 
nited nitrate is of a whitish-grey colour; 
more caustic than strontites, or perhaps 
even lime. It renders the syrup of violets 
green, and the infusion of turmeric red. Its 
specific gravity by Fourcroy is 4. When 
water in small quantity is poured on the dry 
earth, it slakes like quicklime, but perhaps 
with evolution of more heat. When swal- 
lowed it acts as a violent poison. It is des- 
titute of smell. 

When pure bar3rtes is exposed, in a porce- 
lain tube, at a heat verging on ignition, to a 
stream of dry oxygen gas, it absorbs the gas 
rapidly, and passes to the state of deutoxide 
of barium. But when it is calcined in con- 
tact with atmospheric air, we obtain at 
first this deutoxide and carbonate of bary- 
tes; the former of which passes very slowly 
into the latter, by absorption of carbonic 
acid from the atmosphere. 

The deutoxide of barium is of a greenish- 
grey colour; it is caustic, renders the syrup 
of violets green, and is not decomposable by 
heat or light. The voltaic pile reduces it. 
Exposed at a moderate heat to cai'Donic 
acid, it absorbs it, emitting oxygen, and be- 
coming carbonate of barytes. The deutoxide 
is probably decomposed by sulphuretted hy- 
drogen at ordinary temperatures. Aided by 
heat, almost all combustible bodies, as well 
as many metals, decompose it. The action of 
hydrogen is accompanied with remarkable 
phenomena. At about 592° F. the absorption 
of this gas commences; but at a heat ap- 
proaching to redness it is exceedingly ra- 
pid, attended with luminous jets proceed- 
ing from tlie surface of the deutoxide. Al- 
though much water be formed, none of it 
appears on the sides of the vessel. It is all 
retained in combination with the protoxide, 
which in consequence becomes a hydrate, 
and thus acquires the property of fusing 
easily. By heating a certain quantity of ba- 
rytes wiUi an excess of oxygen in a small 
curved tube standing over mercury, M. 
Thenard ascertained, that in the deutoxide 
the quantity of the oxygen is the double of 
that in the protoxide. Hence the former 
will consist of 8.7 barium + 2 oxygen = 
10.7 for its prime equivalent. From the fa- 
cility with which the protoxide passes into 
the deutoxide, we may conceive that the 
former may frequently contain a proportion 
of the latter, to which cause may be as- 
cribed in some degree the discrepancies 
among chemists, in estimating the equiva- 
lent of barytes. 

Water at 5C° F. dissolves one-twentieth 
of its weight of barytes, and at 212° about 
one-half of its weight; though M. Thenard 
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in A table, has «tBted it at only one-teotb. A« 
the tolittioii cools, hexagonal prisms, termi- 
nated at each extremity with a four-sided 
pyramid, form. These crystals are often 
Attached to one another, so as to imitate the 
leaves of fom. Sometimes they are deposit* 
ed in cubes. They contain about 53 per cent 
of water, or 30 prime proportions. The su* 
pematant liquid is bai^tes water. It is co- 
lourless, acrid, and caustic. It acts power- 
fully on the vegetable purples and yellows. 
Exposed to the air, it attracts carbonic acid, 
and the dissolved barytes is converted into 
carbonate, which falls down in insoluble 
erosts. It appears from the experiments of 
M. BerthoUet, that heat alone cannot de- 
prive the crystallized hydrate of its wa- 
ter. After exposure to a red heat, when it 
Ibses like potasJH a proportion of water re- 
mains in combination. This quantity is a 
prime equivalent s= 1.135, to 9.7 of barytes. 
•—The ignited hydrate is a solid of a whi« 
iish-grey colour, caustic, and very dense. 
It fuses at a heat a little under a cherry 
red; is fixed in die fire; attracts, but slowly, 
carbonic acid from the atmosphere. It yields 
earburetted hydrogen and carbonate of 
barytes when heated along with charcoal, 
provided this be not in excess. 

Shlphur combines with barytes, when 
they are mixed together, and heated in a 
crucible. The same compound i» more eco- 
nomically obtained by igniting « mixture of 
sulphate of barytes and . eharcoal in fine 
powder. This sulphuret is of a reddish- 
yellow colour, and when dry without smell. 
When this substance is put into hot water, 
a powerful action is manifested. The water 
is decomposed, and two new products s^e 
formed; namely, hydrosulphuret, and hy- 
droguretted sulphuret of barytes. The first 
erystallizes as the liquid cools, the second 
remains dissolved. The hydrosulphuret is a 
compound of 9.7 of barytes with 2.125 sul- 
phuretted hydrogen. Its crystals should be 
quickly separated by filtration, and dried 
by pressure between the folds of porous pa- 
per. They are white scales, have a silky 
lustre, are soluble in water^ and yield a so- 
lution having a greenish tinge. Its taste is 
acrid, sulphureous, and when mixed with 
the hydroguretted sulphuret, eminently 
corrosive. It rapidly attracts oxygen from 
the atmosphere, and is converted into the 
sulphate of barytes. The hydroguretted sul- 
phuret is a compound of 9.70 barytes with 
4.125 bisulphuretted hydrogen; but con- 
taminated with sulphite and hyposulphite 
in unknown proportions. The dry sulphuret 
consists probably of 2 sulphur + 9.7 bary- 
tes. The readiest way of obtaining bar}'te8 
water is to boil the solution of the sulphuret 
with deutoxide of copper, which seizes the 
sulphur, while the hydrogen flies off*, and 
the barytes remains dissolved. 



Hiotphuret of barytet nuy he ettily 
formed by exposing the coostituenta to- 
gether to heat in a glass tube. Their reci- 
procal aetion is so intense a»to cmuse igni* 
tion. Like phosphuret of lime, it decomo 
poses water, and causes the di-sengagenient 
of phosphuretted hydrogen gas, which 
spontaneously inflames with contact of aiv. 
When sulphur is made to act on the deu- 
toxide of barytes, sulphuric acid is formed 
which unties to a portion of the earth into 
a sulphate. 

The salu of barytes are white, MidinorQ 
or less transparent. All the soluble sulphate? 
cause in the soluble salts of barytes,.a pveei- 
pitate insoluble in nitric acid. They ave aU 
poisonous except the sulphate; and hence 
the proper counter-poison ia dilute sulphu- 
ric acid fi}r the carbonate, and sul]dute <>( 
soda for the soluble salts of barytes. An ac» 
count has been given of the most, useful of 
these salts under the respective acids. 
What remains of anv consequence will be 
found in the table of Salts. For some in- 
teresting facts on the decomposition of the 
sulphate and carbonate, see Attractioit. 
When the object is merely to procure ba- 
rytes or the sulphuret, form the powdered 
carbonate or sulphate into a p»^ with 
lamp black and coal tar, and subject, to 
strong ignition in a covered crucible.* 

Barbax»ox8 Tar. See Pstroi.bum. 

Barilla, or Barx LLOR. The term given 
in commerce to the impure soda imported 
from Spain and the Levant. It is miide by 
burning to ashes different plants that grow 
on the sea-shore, chiefly of tlie genus sal- 
sola, and is brought to us in hard porous 
masses, of a speckled brown colour. 

Kelp, a still more impure alkali made in 
this country by burning various sea weeds, 
is sometimes called SriHsh barilla. See 
Soda. 

Barolitx. Carbonate of barytes. 

* Barras. The resinous incrustation on 
the wounds made in fir trees. It is also 
called galipot.* 

. Barxtrs. See Barium. 

* Basalt. Occurs in amorphous mas- 
ses, columnar, amy^daloidal, and vesicular. 
Its colours are greyish-black, ash-grey, and 
raven-black. Massive. Dull lustre. Granular 
structure. Fracture uneven or conchoidaL 
Concretions, columnar, globular, or tabular. 
It is opaque, yields to the b)ife, but not 
easily frangible. Streak light ash-grey. Sp. 
grav. %. Melts into a black glass. It is found 
■in beds and veins in granite and mica slate, 
the old red sandstone, limestone, and coal 
formations. It is distributed over the whole 
world; but nowhere is met with in greater 
variety than in Scotland. The German basalt 
is supposed to be a watery deposite; and 
that of France to be of volcanic origin.* 

The most remarkable is the columnar ha» 
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iMtes^ which fism imm«ii8e masses* com* 
posed of eolumns tbirty» fort j, or more feet 
in heiglrty uid of enormous thickness. Nay, 
those 1^ Fftirhead are two hundred and ^f- 
fy feet hig^h. I'hese constitute some of the 
Haost astonishing scenes in nature, for the 
immeiisifj and reg^tdarity of their parts. 
The toast of Antrim in Ireland, for' the 
•paee of three miles in length, exhibits a 
ttry ttngnificeHt Tariety of colomnar cliffs; 
ftad the' Giant's Causeway consists of a 
point of that coast formed of similar co- 
lumns, and projecting into the sea, upon a 
descent for several hundred feet. These co- 
Inmite atd,for the most part, hexagonal, and 
fit Tei^ accurately together; but most ire- 
ifiemy not adherent to each other, though 
Water cannot penetrate between them. And 
the bassJtic appearances on the Hebrides 
Islands on the coast of Scotland, as de- 
Sci4hed> by- Sir Joseph Banks, who visited 
them in 1772, are upon a scale very strik- 
ing ibr their vastness and variety. 

An extensive field of inquiry is here offer- 
ed to the geological philosopher, in his at- 
tempts to ascertain the alterations to which 
the globe has been subjected. The inquiries 
of the chemist equally co-operate in these 
fesearehes, and tend likewise to show to 
what useful purposes this and other substan- 
ces may be applied. Bergmann found that 
the component parts of various specimens 
of basalter were, at a medium 53 parts silex« 
15 alumina, 8 carbonate of lime, and 25 
iron. The ^fferences seem, however, to be 
considerable; for Faujas de St. Fond gives 
fhese proportions: 46 silex, 30 alumina, 10 
Kme, 6 magnesia* and 8 iron. The amor- 
phous hasaltes, known by the name of row- 
ley rag, the ferriUte of Kirwan, of the speci- . 
fie gravity of 2.748, afforded Dr. Withering 
47.5 of silex, S2.5 of alumina, and 20 of iron, 
at a very low degree of oxidation probably. 
Br. Kennedy, in his analysis of the basaltes 
ef StafiTa, gives the following as iU compo- 
aent parts: silex 48, alumina 16, oxide of 
iron 16, Ume 9, soda 4^ muriatic acid 1, wa- 
ter and vcSatile parts 5. Klaproth gives for 
the analysis of the prismatic basaltes of Ha- 
Senberg: silex 44.5, alumina 16.75, oxide of 
Iron 30» lime 9.5, magnesia 2.25, oxide of 
manganese 0.12, soda 2.60, water 2. On a 
subsequent analysis, with a view to detect 
die e3Ustence of muriatic acid, he found 
slight indications of it, but it was in an ex- 
tremely minute proportion. 

* Sir Jameto Hall and Mr. Gregory Watt 
havebeth proved, by admirably conducted 
experiments, that basalt when fused into a 
perfect glass will restmie the stony struc- 
fare hy uoW cooling; and hence have endea* 
toored td show, that the earthy structure 
albrds il<o argument against the igneous 
icnoationof basalt in the terrestrial globe.* 

Basaltes^ when calcined and pulverized, is 



'said to be a good substitute for puzzolaiii 
in the composition of mortar, giving it the 
property of hardening under water. Wine 
bottles have likewise been manufactured 
with it,- but there appears to be some nicety 
requisite in the management to ensure suc- 
cess. Mr. Castelveil, who heated his furnace 
witli wood, added soda to the basaltes to 
render it more fusible; while Mr. Giral, who 
used pit coal, found it necessary to mix with 
his basaltes a very refractory sand. The best 
mode probably would be to choose basaltes 
of a close fine grain and uniform texture, 
and to employ it alone, taking care to regu- 
late the heat properly; for if this be carried 
too high, it will drop from the iron almost 
like water. 

* Basaltic Hornblende. Tt usually 
occurs in opaque six-sided single crystals, 
which sometimes act on the magnetic 
needle. It is imbedded in basalt or wacke; 
Colour velvet black. Lustre vitreous. Scrat* 
ches glass. Sp. gr. 3.25. Fuses with difficulty 
into a black glass. It consists of 47 silica, 
26 alumina, 8 lime, 2 magnesia, 15 iron, and 
0.5 water. It is found in the basalt of Ar- 
thur's Seat, in that of Fifeshire, and in the 
Isles of Mull, Canna, Eigg, and Sfcy. It itf 
found also in the basaltic and floetz trap- 
rocks of England, Ireland, Saxony, Bohemia, 
Silesia, Bavaria, Hungary, Spain, Italy, and 
France.* 

* Basanite. See Flinty Slate.* 

* Base or Basis. A chemical term usu- 
ally applied to alkalis, earths, and metallic 
oxides, in their relations to the acids and 
salts. It is sometimes also applied to the 
particular constituents of an acid or oxide, 
on the supposition that the substance com- 
bined with the oxygen, &c. is the basis of 
the compound to which it owes its particu* 
lar qualities. This notion seems unphiloso- 
phical, as these qualities depend as much 
on the state of combination as on the nature 
of the constituent* 

Bath. The heat communicated from 
bodies in combustion must necessarily vary 
according to circumstances; and this varia- 
tion not only influences the results of opera- 
tions, but in many instances endangers the 
vessels, especially if they be made of glass. 
Among the several methods of obviating 
this inconvenience, one of the most usual 
consists in interposing a quantity of sand, 
or other matter between the fire and the 
vessel intended to be heated. The sand bath 
and the water bath are most commonly used; 
the latter of which was called Balneum Ma- 
rise by the elder chemists. A bath of steam 
may, in some instances, be found preferable 
to tiie water bath. Some chemists have pro- 
posed baths of melted lead, of tin, and of 
other fusible substances. These may per- 
haps be found advantageous in a few pecu- 
liar operations, in which the inteUigent ope^ 
23 
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fator must indeed be left to hb own sa^ 

gacity. 

• A considepably greater heat may be 
given to the water bath by dissolving vari- 
ous salU in it Thus a saturated solution of 
common salt boils at 225°.3, or 13^.3 Fahr. 
above the boiling point of water. By usmg 
solution of muriate of lime, a bath of any 
temperature from 212 to 252** may be con- 
veniently obtained.* 

Bdellium. A gum resin, supposed to be 
of African origin. The best bdellium is of a 
yellowish brown, or dark brown colour, ac- 
cording to its age; unctuous to the touch, 
brittle, but soon softening, and growing 
tough betwixt the fingers; in some degree 
transparent, not unlike myrrh; of a bitterish 
taste, and a moderately strong smell. It 
does not easily Uke flame, and, when set on 
fire, soon goes out. In burning it sputters a 
little, owing to its aqueoiis humidity. * lU 
sp. grav. is 1.371. Alcohol dissolves about 
three-fifths of bdellium, leaving a mixture 
of gum and cerasin. Its constituents, accord- 
ing to Pelletier, are 59 resin, 92 gum, 30.6 
cerasin, 1.2 volatile oil and loss.* 

• Bz AN. The seed of the vicia faha^ a 
•mall esculent bean, which becomes black 
as it ripens, has been analyzed by Einholf. 
He found 3840 parU to consist of 600 vo- 
latile matter, 386 skins, 610 fibrous starchy 
matter, 1312 starch, 417 vegeto-animal mat- 
ter, 31 albumen, 136 extractive, soluble m 
alcohol, 177 gummy matter, 374 earthy 
phosphate, 133i loss. Fourcroy and Vau- 
quelin found its incinerated ashes to contain 
the phosphates of lime, magnesia, potash, 
and iron, with uncombined potash. They 
found no sugar in this bean. Kidney beans, 
the seeds of the phateolus vulfforu, yielded 
to Einholf 288 skins, 425 fibrous starchy 
matter, 1380 starch, 799 vegeto-animal mat- 
ter, not quite free from sUrch, 131 extrac- 
tive, 52 albumen, with some vegeto-animal 
matter, 744 mucilage, and 21 loss in 3840.* 

* Beje. The venom of the bee according 
to Fontana, bears a close resemblance to 
that of the viper. It is contained in a small 
vesicle, and has a hot and acrid taste, like 
that of the scorpion.* - 

Beer is the wine of grain. Malt is usu- 
ally made of barley. The grain is steeped 
for two or three days in water until it swells, 
becomes somewhat tender, and tinges the 
water of a bright reddish-brown color. The • 
water being then drained away, the barley 
is spread about two feet thick upon a floor, 
where it heats spontaneously, and be^s to 
grow, by first shooting out the radicle. In 
this state the germination is stopped by 
spreading it thinner, and turning it over for 
two days;t after which it is again made into 

f The time varies very much with the 
weather, and is never so short as two days. 



a heap* and aoffered to beoone aeiiaibly liot« 
which usually happens in little nore than 
a day. Lastly, it is conveyed to tlie kiln» 
where, by a gradual and low heat, it u ren- 
dered dry and crisp. This is malt; and itft 
qualities differ according as it i» Wkor^ or 
less soaked, drained, genninated,dried»and 
baked. In this, as in other manufactoiieai 
the intelligent operators often make * mys* 
tery of their processes ftom views ci pro- 
fit; and others pretend to peculiar secreU 
who really possess none. 

Indian com, and probably all laiye gnin, 
requires to be suffered to grow inla tho 
blade, as well as root, before it is fit to be 
made into malt. For this purpose it is 
buried about two or three inches de^ in 
the ground, and covered with loose eertht 
and in ten or twelve days it springs up. b 
tills state it is taken up and washed, et 
fanned, to clear it firom iu dirt; and then 
dried in the kiln for use. 

* Barley, by being converted into nullk 
becomes one-fifth lighter, or 20 per centi 
12 of which are owing to kiln diying> 1.5 
are carried off by the steep-water, 3 disr 
sipated on the floori 3 lost in cleaning the 
roots, and 0.5 waste or loss.* 

The degree of heat to which the malt is 
exposed in this process, gradually changes 
its colour from very pale to actual black- 
ness, as it simply dries it, or converts it to 
charcoal. 

The colour of the malt not only affects 
the colour of the liquor brewed from it; 
but, in consequence of the chemical opera- 
tion, of the heat applied, on the principles 
that are developed in the grain durii^ the 
process of malting, materially alters the 
quality of the beer, espedally with regard 



The perfection of the process is judged 
of, by the length of the roots and the gtrmi 
of the latter especially. When this has 
passed two-thirds of the length of the 
grain, it is time to check the vegetatioa. 
Heaping it up is unnecessary. If attowvd 
to lie in heaps so long as to heat much, 
the malt would be imured. The drying 
cannot be well effected by heat in a close 
vessel. A current of dry air ia the desi* 
deratum. I have seen nlialt made by <by 
air at the heat of 90 degrees. Oursumnicr 
sun would answer. Greater heat gives 
more colour and stronger flavour, faut less 
strength to the wort Neither Indian com 
nor rice are improved by malting, fiir 
the purpose of fermentation. Those grains 
only are improved by it, which have the 
germ to pass internally from one end to 
the other before coming out. Qne4hird 
raw Indian com meal, ground up with two- 
thirds malt» gives more strength than all 
malt 
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t» llie properties of becoming fit for drink- 
iBSf and growing fine. 

Beer is made m>m maltpreyiouslj ground, 
or eut to pieties by a mill. This is placed in 
a tuti, or tub with a false bottom; hot water 
is poured upon it, and the whole stirred 
idiout with a proper instrument. The tem- 
perature of the water in this operation, cal- 
led Mashing, must not be equal to boiling; 
lbr» in that case, the malt would be convert- 
Ad Into a paste, from which the impregna- 
ted water could not be separated. This is 
ealted Setting.fl After the infusion has re- 
mained for some time upon the malt, it is 
drawn -off, and is then distinguished by the 
ftame of Sweet Wort. By one or more sub- 
laqtteat infusions of water, a quantity of 
weaker wort is made, which is either added 
td the fbregoing, or kept apart, according 
to the intention of the operator. The wort 
tS'llien boiled with hops, which gives it an 
aromatic bitter taste, and is supposedfS to 
render it less liable to be spoiled in keep- 
ing; after which it is cooled in shallow 
iPesseli, and suffered to ferment,f 3 with the 

f 1 The temperature should never be 
above 180. degrees of Fahrenheit. 

. f^ It is well known, that other things be- 
ing equa^ the liquor keeps in proportion 
to the quantity of hops. Fresh beer may 
have fiim a pound to a pound and a half 
to a barrel of 33 gallons. June beer, two 
pounds and a halt: beer for the month of 
August, three pounds; and for a second 
summer, three and an half For India voy- 
ages, four pounds. 

f3 It ought not to ferment in shallow vcs- 
fela, but in vessels of a cubical or deep 
cylindrical form. The fermentation should 
be conimenced not lower than fifty-eight 
nor hitler than, sixty-six F. The smaller 
the fermenting tun and the colder the wea- 
ther, the warmer the wort should be, and 
vice versa. The fall of the head resulting 
finom the loss of the viscidity, which ena- 
blea it to confine the carbonic acid, is the 
most obvious mark to determine when the 
fenaentation should stop. The hydrome- 
ter or saccharometer affords a better mean 
of judging, since the same degree of at- 
tenuation takes place in all infusions over 
aoertain strong^, or 22 lbs. to the London 
btfrelf according to instruments made in 
tliat Qty,, From 15 to 17 pounds to the bar- 
rel of &iiinution will generally be observ- 
ed. The fermentation is then to be stop- 
ped« by allowing the liquor to run into 
•audlcr.:|pssels of about sixty gallons, and 
in these jt becomes depurated by the yeast, 
whichy i^rolved by the fermentation, entan- 
gica the carbonic acid* and is brought to 
tbe top of the boer.by it,, so as to. roll out 
at the bungp this it called cleansing. 



addition of a proper quantity of yeast. Thit 
fermented liquor is beer; and differs g^eat* 
ly in its quality, according to the nature of 
the grain, the malting, Uie mashing, the 
quantity, and kind of the hops and the yeast, 
the purity or admixtures of the water made 
use of, the temperature and vicissitudes 
of the weather, &c. 

Beside the various qualities of malt li« 
quors of a similar kind, there are certain 
leading features by which they are distin- 
guished, and classed under different names, 
and to produce which, different modes of 
management must be pursued. The princi- 
pal distinctions are into beer, properly so 
called; ale; table or small beer; and porter, 
>^hich is commonly termed beer in London. 
Beer is a strong, fine, and thin liquor; the 
greater part of the mucilage having been se- 
parated by boiling the wort longer than for 
ale, and carrying the fermentation farther, 
so as to convert the saccharine matter into 
alcohol. Ale is of a more sirupy consistence, 
and sweeter taste; more of the mucilage be- 
ing retained in it, and the fermentation not 
having been carried so far as to decompose 
all the sugar .j- Small beer, as its name im- 

Slies, is a weaker liquor; and is made, either: 
y adding a large portion of water to the 
malt, or by mashing with a fresh quantity- 
of water what is left after the bfeer or ale 
wort is drawn off. Porter was probably 
made originally from very high dried malt; 
but it is said, that its peculiar flavour can- 
not be imparted by malt and hops alone. 

• Mr. Brande obtained the following quan- 
tities of alcohol from 100 parts of different 
species of beers. Burton ale, 8.88, Edin- 
burgh ale, 6.2, Dorchester ale, 5.56; the 
average being = ^.87. Brown stout, 6.8, 
London poiter (average) 4.2, London small 
beer, (average) 1.28.* * 

As long ago as the reign of Queen Anne, 
brewers were forbid to mix sugar, honey, 
Guinea pepper, essentia bina, cocculus in- 
dicus, or any other unwholesome ingredi- 
ent, in beer, under a certsdn penalty; from 
which we may infer, that such at least was 
the practice of some; and writers, who pro- 
fess to discuss the secrets of the trade, 
mention most of these and some other arti- 
cles as essentially necessary. The essentia 
bina is sugar boiled down to a dark colour, 
and empyreumatie flavour. Broom tops, 
wormwood, and other bitter plants, were 
formerly used to render beer fit for keep- 
ing, before hops were introduced into this 

f There is no essential difference be- 
tween the mode of brewing ale and beer. 
Tbe colour and flavour of the malt ia 
the principal ground of distinction. Keep> 
ing ale is boiled longer than fresh beer. 
The more sirupy consistence is in conse-^ 
quence of more malt being used. 



BEE 



BEN 



•apBtrft- bat now afe prohibited to be 
ii«ed in beer made for Bale. 

* By the present law of this country, 
nothing is allowed to enter into the com- 
poaition of beer, except malt and hops. 
Quasaia and wormwood are often fraudu- 
lently introduced; both of which are ea- 
sily discoverable by their nauseous bitter 
tj^te. They form a beer which does not 
preserve so well as hop beer. Sulphate of 
u^n, alum, and salt, are often added by 
t)fee publicans, under the name of beefkead^ 
tf^, to impart a frothing property to beer, 
vhen it is poured out of one vessel into 
another. Molasses and extract of gentian 
i^oot are added with the same view. Cap- 
sicum, grains of paradise, ginger root, co- 
wander seed, and orange peel, are also em- 
ployed to give pungency and flavour to 
vfeak or bad beer. The following is a list 
qf some of the unlawful substances seized 
«t diflerent breweries, and brewers' drug^ 

gists' laboratories, in I^ondon, as copi^ 
■pm the minutes of the committee of the 
Itlouse of Commons. Coculus indicus, muh 
tum, (an extract of the cocculus), colourr 
iiiff honey, hartshorn shavings, Spanish 
J4uce, orange powder, ginger, grains of 
paradise, quassia, liquorice, caraway seeds, 
copperas, capsicum, mixed drugs. Sulphu- 
ric acid is very frequently added to bring' 
beerforwardf or make it hard, giving new 
beer instantly the taste of what is 18 
months old. According to Mr. Accum, the 
present eritire beer of the London brewer 
16 composed of all the waste and spoiled 
beer of the publicans, the bottoms of butts, 
the leavings of the pots, the drippings of 
the machines for drawing the beer, the 
remnants of beer that lay in the leaden 
pipes of the brewery, with a portion of 
brown stout, bottling beer, and mild beec. 
He says that opium, tobacco, nux vomica, 
and extract of poppies, have likewise been 
used to adulterate beer. For an account of 
the poisonous qualities of the cocculut in" 
dfcw, see Picrotoxia, and for those of 
nux vomica, see Strychnia. By evapo- 
rating a portion of beer to dryness, and ig- 
niting the residuum with chlorate of pot- 
ash, the iron of the copperas will be pro- 
cured in an insoluble oxide. Muriate of 
l)arytes will throw down an abundant pre- 
cipitate from beer contaminated with sul- 
phuric acid or copperas^ which precipitate 
may be collected, dried, and ignited. It 
will be insoluble in nitric acid.* 

Beer appears to have been of ancient 
Vse, as Tacitus mentions it among the 
Germans, and has been usually supposed 
to have been peculiar to the northern na- 
tions: but the ancient Egyptians, whose 
country was not adapted to the culture of 
the grape, had also contrived this substi- 
tute for wine; «nd Mr. Park has found the 



»rt of midcing malt, and brewing fNm* it 
very good beer, among the negroes in the 
interior parts of Africa. 

BsET. The root of the beet affiirdf a 
considerable quantity of sugar, and bat 
lately been cultivated for the purpose of 
extracting it to some extent in Germany. 
See Sugar. It is likewise said, that if beet 
roots be dried in the same manner as malta 
after the greater part of their juice ia 
pressed out, very good beer may be made 
from them. 
. * Bbllmbtal. See Corpsa.^ 

* Bbllmxtal Orb. See Orbs o-f Tis.? 
Bbv (Oil or). This is obtained item 

the ben nut, by simple pressure, it is re- 
markable for its not growing rancid in keep- 
ing, or at least not until it baa stood for a 
number of years; and on this aoceunt h i» 
used in extracting the aromatic principle 
of such odoriferous flowers as yield little 
or no essential oil in distillation. 

* Benzoic Aczn. See Acid (Bsh^- 
xoic).* 

Bbnzoibt or Bbnjamzh. The tree 
which produces Benzoin is a native of the 
East Indies, particularly of tiie island Siam 
and Sumatra.} The juice exudes from in- 
cisions, in the form of a thick white bal- 
sam. If collected as soon as it has grown 
somewhat solid, it proves intemaUy white 
like almond, and hence it is called B«n- 
zoe Amygdaloides; if suffered to lie long 
exposed to tlie sun and air, it changes 
more and more to a brownish^ and at last 
to a quite reddish-brown colour. 

This resin is moderately hard and brit- 
tle, and yields an agreeable sm^ when 
rubbed or Warmed. When chewed^ it ..im- 
presses a slight sweetness on the p^l n *^ 
It is totally soluble in alcohol; fromwhioh, 
like other resins, it may be precipitated 
by the addition of water. Its specific gra- 
vity is 1.092. 

The white opaque fluid thus obtained 
has been called Lac Yirginale; and ia still 
sold, with other fragrant additions,, by pow 
fumers, as a cosmetic. Boiling wateraepa- 
rates the peculiar acid of benzoin. 

The products Mr. Brande obtaiiied by 
distillation were, from a hundred grans, 
benzQic acid 9 grains, acidulated water 
5.5, butyraceous and empjn^umatic oil €0, 
brittle coal 22, and a mixture of carhorefc- 
ted hydrogen and carbonic acid gaa» oom- 
puted at 3.5. On treating the empyreuaft- 
tic oil with water, however, 5 grains more 
of acid were extracted, making 14 in the 
whole. 

* From 1500 grains of benzoiB^^udiQls 

(Consult the Philosophical Tranaaetions, 
vol. Ixxvii. page 307^ for a botaueri de- 
scription and drawing of the tie^ bf Dry- 

ander. 
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«>f » 9ub«Uiice similar to balsam of Peru» 8 
of an aromatic substance soluble in water 
juid alcobd> and 30 of woody fibres and im- 
puritiea. 

. Btiier». sulphuric and acetic acids, dis- 
ffolye benzoin; so do solutions of potash and 
veda. Nitric acid acts violently on it, and a 
portion of artificial tannin is formed. Am- 
monia dissolves it sparingly/ . 
. * BsRGMANNiTE. A massive mineral of 
a greenish, greyish-white, or reddish co- 
lour. Lustre intermediate between pearly 
and resinous. Fracture fibrous, passing into 
fine grained, imeTen. Slightly translucent on 
the edges. Scratches felspar. Fuses into a 
transparent glass, or a semi-transparent ena- 
ineL It is found at Frederickswam in Nor- 
SFay, in quartz and in felspar.* 

* BsBYi.. This precious mineralf is most 
commonly green, of various shades, passing 
into honey«yellow, and sky-blue. It is crys- 
tallizj^ in hexah^ral prisms deeply sti'iat- 
ed longitudinally, or in 6 or 12 sided prisms, 
germinated by a 6 sided pyramid, whose 
commit is replaced. It is harder than the 
emerald^ but more readily yields to cleav- 
age. Its sp. grav. is 2.7. Its lustre is vitre- 
ous. It is transparent, and sometimes only 
translucent. It consists by Yauquelin of 68 
siliGa, 15 alumina, 14 glucina, 1 oxide of 
Inm, 3 lime. Berzelius found in it a trace of 
pxide of tantalum. It occurs in veins tra- 
versing granite in Daouria; in the Alt^c 
chain in Siberia; near Limoges in France; 
in Saxony; Brazil; at Kinloch Kaimoch, and 
Cairngorm, Aberdeenshire, Scotland; above 
Dundrumyin the county of Dublin, and near 
Ctonebane, county of Wicklow, in Ireland. 
It^fiers from emerald in hardness and co- 
Icnir. It has been called aqua marine, and 
greenish-yellow emerald. It is electric by 
friction and not by heat.* 

* Bezoar. This name, which is derived 
f MBB a Persian word implying an antidote 
.la poison, waa given to a concretion found 
in Uie stomach of an animal of the goat kind, 
vAich was once very highly valued for this 
imaginary quality, and has thence been ex- 
fended to all concretions found in animals. 
^. These are of eight kinds, according to 
fourcroy, Vauquelin, and Berthollet. 1. Su- 
perphosphate of lime, which forms concre- 
tioDS in the intestines of many mammalia. 2. 
Fhosphate of magnesia, semi-transparent 
and yellowish, and of sp. grav. 2.160. 3. 
Phosphate of ammonia and magnesia. A 
condition of a grey or brown colour, com- 
posed of radiations from a centre. It is found 
la tfae-intestines of herbiverous animals, the 
elephantf horse, &c. 4. Biliary, colour red- 

i" Beryl is not always precious, and even 
when transparent, as in the form of aqua 
iQariaa, has little yi^ue. 



diBh4Hr«w», found frequently in the 
tines and gall bladder of oxen, and used bf 
painters for an orange-bellow pigment It in 
inspissated bUe. 5. Resinous. The oriental 
bezoars, procured frem unknown animal^ 
belonff to this class of concretions. They con- 
sist of concentric layers, are fusible, cora« 
bustible, smooth, soft, and finely p^ished. 
They are composed of bile and resin. 4u 
Fungous, consisting of pieces of the boWtna 
igniarius, swallowed by the animal. 7. Haiiy. 
& Ligniform. Three bezoars sent to Bqbv 
parte by the kii^ of Persia, were found by 
Berthollet to be nothing but woody fibfe 
agglomerated.* 

Bihybbocuret of Carbov. 8ae 
Carburetted Hydrogen. 

BZHYDROGURET OF PhOSFHORVS. 8te 

Fhospkuretteb Hydroobv. 

*BiLnsTEiN, Agalmatolite, or Fi- 
cuRBSToiTE. A massive mineral, with 
sometimes an imperfectly slaty structura. 
Colour gray, brown, flesh red, aad' some- 
times spotted, or with blue veins. It is traiif- 
hicent on the edgfes, unctuous to the toucb> 
and yielda to the nail. Sp. grav. 3.8. It is 
composed of 56 silica, 29 alumina, 7 potash^ 
S lime, 1 oude of iron, and 5 water, by Yau- 

guelin; Klaproth found in a specimen from 
hina, 54.5 silica, 34 alumina, 6.25 potash, 
0.75 oxide of iron, and 4 water. It fuses into 
a transparent glass. M. Brongniart calls it 
Bteatite pagodite^ from its coming from China 
cut into grotesque figures. It wants the 
magnesia, which is a constant ingredient of 
steatites. It is found at Naygag in Transyl- 
vania, and Glyder-bach in W^es. 

• Bi LE. A bitter liquid, of a yellowish or 
greenish-yellow colour, more or less viscid, 
of a sp. gravity greater than that of water, 
common to a great number of animals, the 
peculiar secretion of their liver. It is the 
prevailing opinion of physiologists, that the 
bile is separated from the venous, and not 
like the other secretions, from the arterial 
blood. The veins which receive the blood 
distributed to the abdominal visceraj unite 
into a large trunk called the vena porta, 
which divides into two branches, that pene- 
trate into the liver, and divide into innumer- 
able ramifications. The last of these termi- 
nate partly in the biliary ducts, and partly 
in the hepatic veins, which restore to the 
circulation the blood not needed for the 
formation of bile. This liquid passes directly 
into the duodenum by the ducttta choledocku9, 
when the animal has no gall bladder;, but 
when it has one, as more fi*equently bap- 
pens, the bile flows back into it by the cys- 
tic duct, and remaining there for a longer 
or shorter time, experiences remarkable al- 
terations. Its principal use seems to be, to 
promote the duodenal digestion, in concert 
with the pancreatic juice. 
Boerhaave, by an extravagant error* rfr 
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ftvded the bile as one of the mott putretci- 
€le fluids; and hence originated many hypo- 
thetical and absurd theories on diseases and 
their treatment. We shall follow the ar- 
nmgement of M. Thenard, in a subject 
which owes to him its chief illustration. 
1. Ox bile is usually of a greenish-yellow 
V eolour, rarely a deep green. By its colour 
it changes the blue of turnsole and violet 
to a reddish-yellow. At once very bitter, and 
•lightly sweet, its taste is scarcely support- 
able. Its smell, though feeble, is easy to 
recognize, and approaches somewhat to the 
nauseous odour of certain fatt^ matters 
when they are heated. Its specific gravity 
iraries very little. It is about 1.026 at 43^ F. 
It is sometimes limpid, and at others dis- 
turbed with a yellow matter, from which it 
nay be easily separated by water; its con- 
sistence varies irom that of a thin mucilage, 
to viscidity. Cadet regarded it as a kind of 
soap. This opinion was first refuted by M. 
Thenard. According to this able chemist, 
800 parts of ox bile, are composed of 700 
water, 15 resinous matter, 69 picromel, 
about 4 of a yellow matter, 4 of soda, 3 
phosphate of soda, 3.5 muriates of soda and 
potash, 0.8 sulphate of soda, 1.2 phosphate 
of lime, -and a trace of oxide of iron. When 
distilled to dryness, it leaves from l-8th to 
8.9th of solid matter, which, urged with a 
higher heat, is resolved into the usual ig- 
neous products of animal analysis; only with 
more oil and less carbonate of ammonia. 

Exposed for some time in an open ves- 
sel, the bile gradually corrupts and lets fall 
a small quantity of a yellowish matter; 
then its mucilage decomposes. Thus the 
putrefactive process is very inactive, and 
the odour it exhales is not insupportable, 
but in some cases has been thought to re- 
semble that of musk. Water and alcohol 
combine in all proportions with bile. When 
a very little acid is poured into bile, it be- 
comes slightly turbid, and reddens litmus; 
when more is added, the precipitate aug- 
ments, particularly if sulphuric acid be em- 
ployed. It is formed of a yellow animal mat- 
ter, with very little resin. Potash and soda 
increase the thinness and transparency of 
bile. Acetate of lead precipitates the yel- 
low matter and the sulphuric and phospho- 
ric acids of the bile. The solution of the sub- 
acetate precipitates not only these bodies, 
but also the picromel and the muriatic acid, 
all combined with the oxide of lead. The a- 
cetic acid remains in the liquid united to the 
soda. The greater number of fatty substan- 
ces are capable of being dissolved by bile. 
This property, which made it be considered 
a -soap, is owing to the soda, and to the tri- 
ple compound of soda, resin, and picromel. 
Scourers sometimes prefer it to soap, for 
cleansing woollen. The bile of the calf, the 
^og, and the ^eep, is. similar to that of the 



ox. The bile of the sbw contains no ptcro* 
mel. It is merely a soda-remnoiiB soap. Hu- 
man bile is peculiar. It varies in eolour, 
sometimes being green, generally yellow- 
ish-brown, occasionally almost colourlesff. 
Its taste is not very bitter. In the gall blad- 
' der it is seldom limpid, containing atten^ 
like that of the ox, a certain quantity of 
yellow matter in suspension. At times this 
is in such quantity, as to render the bile 
somewhat grumous. Filtered and boiled, it 
becomes very turbid, and diffuses the odoui^ 
of white of egg. When evaporated to diy- 
ness, there results a brown extract, equal 
in weight to 1-1 1th of the bile. Byealcina- 
tion we obtain the same salts as fnim ox 
bile. 

All the acids decompose human bHe, and 
occasion an abundant precipitate of jdlnN 
men and resin, which are easily separable 
by alcohol. One part of nitric acid, *sp. 
prav. 1.210, saturates 100 of bile. On pour- 
ing into it a solution of sugar of lead, it is 
changed into a fiquid of a light yellow co- 
lour, in which no picromel can be Ibitnd, 
and which contains only acetate of soda, 
and some traces of animal matter. Human 
bile appears hence to be formed, by The- 
nard, in 1100 parts; of 1000 water; from 2 
to 10 yellow insoluble matter; 42 albumen; 
41 resin; 5.6 soda: and 45 phosphates of so- 
da and lime, sulphate of soda, muriate of 
soda and oxide of iron. But by Berzelitis, 
its constituents are in 1000 parts: 908.4 
water; 80 picromel; 3 albumen; 4.1 soda; 
0.1 phosphate of lime; 3.4 commmi salt, 
and 1. phosphate of soda, with some phos- 
phate of lime.* 

Birdlime. The best birdlime is made 
of the middle bark of the holly, boiled se- 
ven or eight hours in water, till it is soft 
and tender; then laid in heaps in pits in 
the ground and covered with stones, the 
water being previously drained from it; 
and in this state left for two or three weeks 
to ferment till it is reduced to a kind of 
mucilage. This being taken from the pit is 
pounded in a mortar to a paste, washed in 
river water, and kneaded, till it is freed 
from extraneous matters. In this state k is 
left four or five days in earthen vessels, to 
ferment and purify itself, when it is fit for 
use. 

It may likewise be obtained from the 
misleto, the viburnum lantana, young 
shoots of elder, and other vegetable sub- 
stances. 

It is sometimes adulterated with turpen- 
tine, oil, vinegar, and other matters. 

Good birdlime is of a g^enish colour 
and sour fiavour; gluey, stringy, and tena- 
cious; and in smell resembling linseed oil. 
By exposure to the air it becomes dry and 
brittle, so that it may be powdered;' but its 
viscidity is restored' by wetting it It i«d- 
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dens tioctwe of litmas. I^zpoMd to «g«ii« 
tie heat it liquefies sli£fbUy» swells in bub- 
bles, becomes grumous, emits a smell re- 
sembliag that of animal oils, grows brown, 
but recovers its properties on cooling, if 
not heated too much*. With a greater heat 
it bums, giving out a brisk flame and much 
amoke. The residuum contains sulphate 
and muriate of potash, carbonate of lime 
and alumina, with a small portion of iron- 
Bismuth b a metal of a yellowish or 
leddish-white colour, little subject to 
change in the ur.f It is somewhat harder 
than lead, and is scarely, if at all, mallea- 
ble; being easily broken, and even reduced 
to powder* by the hammer. The internal 
face, or place of fracture, exhibiU large 
shining plates, disposed in a variety of po- 
sit«ans« thin pieces are considerably sono- 
rous- At a temperature of 480^ Fahrenheit, 
it melts; and its surface becomes covered 
with a greenish-grey, or brown oxide. A 
stronger heat ignites it, and causes it to 
bum with a small blue flame; at the same 
time that a yellowish oxide, known by the 
name of flowers of bismuth, is driven up. 
This oxide appears to rise in conseqaence 
of the combustion; for it is very fixed, and 
runs into a greenish glass when exposed to 
heat alone. 

* This oxide consisU of 100 metal -f- 
11.275 oxygen, whence its prime equiva- 
lent will be 9.87, and that of the metal it- 
self 8.87. The specific gravity of the me- 
tal is 9.85.* 

Bismuth, urged by a strong heat in a 
closed vessel, sublimes entire, and crystal- 
lizes very distinctly when gradually cooled. 
The sulphuric acid has a slight action 
upon bismuth, when it is concentrated and 
boiling. Sulphurous acid gas is exhaled, 
and part of the bismuth is converted into 
a white oxide. A small portion combines 
with the sulphuric acid, and affords a de- 
liquescent salt in the form of small needles. 
The nitric acid dissolves bismuth with 
the greatest rapidity and violence; at the 
same time that much heat is extricated, and 
a large quantity of nitric oxide escapes. 
The solution, when saturated, affords crys- 
tals as it cools; the salt detonates weakly, 
and leaves a yellow oxide behind, which 
effloresces in iht air. Upon dissolving this 
salt in water, it renders that fluid of a 
milky white, smd lets fall an oxide of the 
same colour. 

The nitric solution of bismuth exhibits 
the same property when diluted with wa- 
ter, most of the metal falling down in the 
form of a white oxide, called magistery of 
bismuth. This precipitation of the nitric 
solution, by the addition of water, is the 

t It is more properly tin or silver- white 
with a blush of red. 



criterion by which bismuth is distiftgiiilhtdl 
from most other metals. The magistery or 
oxide is a verv whiie and subtile powder: 
when prepared by the addition of a lu|pe 
quantity of water, it is used as a paint isr 
the complexion, and is thought gradually 
to impair the skin. The liberal use of any 
paint for the skin seems indeed likely to do 
this; but there is reason to suspect, from 
the resemblance between the general pro- 
perties of lead and bismuth, that the oxide 
Ot this metal may be attended with eflBbots 
similar to those which the oxides of lead 
are known to produce. If a small portion of 
muriatic acid be mixed with the nitric, and 
the precipitated oxide be washed witli but 
a small quantity of cold water, it will ap» 
pear in minute scales of a pearly lustiet 
constituting the pearl powder of perfumers. 
These paints* are liable to be turned black 
by sulphuretted hydrogen gas. 

The muriatic acid £>es not 'readily act 
upon bismuth. 

* When bismuth is exposed to chlorine 
gas it takes fire, and is converted into a 
chloride, which, formerly prepared by heat- 
ing the metal with corrosive sublimate, was 
called butter of bismuth. The chloride is 
of a grayish-white colour, a granular tex* 
ture, and is opaque. It is fixed at a red heat* 
According to Dr. John Davy, it is composed 
of 33.6 chlorine, + 66.4 bismuth, =s 100^ 
or in equivalent numbers, of 4.45 chlorine^ 
-f 8.87 bismuth, = 13.32. When iodine and 
bismuth are heated together^ they readily 
form an iodide of an orange-yellow colour, 
insoluble in water, but easily dissolved in 
potash ley.* 

Alkalis likewise precipitate its oxide; but 
not of so beautiful a white colour as that 
afforded by the affusion of pure water. 

The gallic acid precipitates bismuth of a 
greenish-yellow, as ferroprussiate of potash 
does of a yellowish colour. 

* There appears to be two sulphuiets, 
the first a compound of 100 bismuth to 22.34 
sulphur; the second of 100 to 46. 5; the se- 
cond is a bisulphuret.* 

This metal unites with most meti^c 
substances, and renders them in g^eneral 
more fusible. When calcined with the im- 
perfect metals, its glass dissolves them, 
and produces the same effect as lead in 
cupellaUon; in which process it is even 
said to be preferable to lead. 

Bismuth is used in the composition of 
pewter, in the fabrication of printers'' types, 
and in various other metallic mixtures. 
With an equal weight of lead, it forms a 
brilliant white alloy, much harder than 
lead, and more malleable than bismuth, 
though not ductile; and if the proportion 
of lead be increased, it is rendered still 
more malleable. Eight parts of bismuth, 
five of lead, and three of tin, copstitut^ 



HIT 



BIT 



Ai0 liMiUtf Metoly iometimes ciHed Mmt^ 
ton's} from its discOT«rer» which melts aA 
the heat of boilings water, And may be fused 
0fer ft caadk in a piece of stiflT papey 
Without burning the paper. One part of 
bismathy with wre of lead, and three of 
tin* Ibrms plumbers' solder. It forms the 
htmh fA a sympathetie ink. The oxide of 
Msmuth, precipitated by potash ftom ni- 
tHc add, has been recommended in spas- 
nodie borders of the stomach, and giym 
in doses of four grains four times a day. 
A writer in the Jena Journal says he haa 
known the dose curied gradually to one 
■crap^e without injury. 

Bismuth is easily separable, in the dry 
way, from its ores, on acemmt of its great 
teibility. It is usual, in the processes at 
large, to throw the bismuth ore into a Hre 
of wood; beuea^ which a hole is made in 
the ground to receire the metal, and de- 
fond it from oxidation. The same process 
may be imitated in the small way, in the 
examination of the ores of this metd; no- 
Hiing more being necessary, than to expose 
it to a moderate heat in a crucible, ^th a 
auantity of reducing flux; taking care, at 
ttie same time, to perform the operation aa 
speedily as possible, that the bismu^ may 
he neither oxidized nor volatilized. 

Bistre. A brown pigment, consisting 
ef the finer parts of wood soot, separated 
from the g^sser by washing. The soot of 
the beech is said to make the best. 

* Bitter Principle, of which there 
are several varieties. 

When nitric acid is digested on silk, in- 
digo, or white willow, a substance of a 
deep yellow colour, and an intensely bitter 
taste, is formed. It dyes a permanent yel- 
low. It crystallizes, in oblong plates, and 
Saturates alkalis, like an acid, producing 
erystallizable salts. That with potash, is 
in yellow prisms. They are bitter, per- 
manent in the air, and less soluble than 
tiie insulated bitter principle* On hot char* 
coal they deflagrate. When struck smart- 
ly on an anvil, they detonate with much 
violence, and with emission of a purple 
light. Ammonia deepens the colour of the 
Intter principle solution, and forms a salt 
in yellow spicula&. It unites also with the 
alkaline earths and metallic oxides. M. 
Chevreul considers it a compound of nitric 
acid, with a peculiar substance of an oily 
nature. Quassia, cocculus Indicus, daphne 
Alpina, coffee, squills, colocjrnth, and bry^ 
ony, as well as many otiier medicinal plants, 
yield bitter principles, peculiarly modified.* 

BiTTERW. The mother waterwhich re- 
mains after the crystallization of common- 
aaitin sea water, or the water of salt springs. 
It riMunds with sulphate and muriate of 
magnesia, to which its bitterness is owiog. 
•ec Water (Sea). 



* BtTTSftsPAx, or Rhombsva*. This 
mineral crystalHzes in rhomboids, which 
were confounded with those of caleareoua 
spar, till Ilr. Wollaston applied \&M admi- 
nble reflecting goniometer, and proved 
the peculiarity of the angles h> bitterspar^ 
which are IO60 IV, and 73^ 45'. It* colour 
is rrayish or yellow, with a somewhaiC pear- 
ly Itastre. R is brittle, send-trsnaparent^ 
splendent, and harder than caleareoua spaPi 
Praeture stnugfat foBated with a threefold 
cleavage. Its sp. gr. is 2.8& ft conaista of 
from 68 to 73 cari>Miate of fime, 35 oserbo' 
nate of magnesia, and 3 oxide of mangar* 
nese. It is usually imbedded in serpentine^ 
chlorite or steatite; and is found in the T3P- 
TxA^ Salzburg, and Dauphiny. In Scotland, 
on the borders of Loch Lomond in f he chlo- 
rite slate, and near Newton-Ste#art in OtX-* 
loway; as also in the Isle of Mamt. It bears 
the same relation to dolomite and maghe- 
sian fimestone, that cidcareous spa» does 
to common limestone.* 

BiTUMBir. This term includes a conn.' 
derable range of inflammable mineral sub- 
stances, burning with fliume in the open air. 
They are of different consistency, from a 
thin fluid to a solid; but the solidbi are for 
the most part liquefiable at a moderate 
heat. The fluid are, 1. Naphtha;' a fine, 
white, thin, fragrant, colourhMS oil, which 
issues out of white, yellow, or black oktys 
in Persia and Media. This is highly in<^ 
flammable, and is decomposed by distilla- 
tion. It dissolves resins, and the essential 
oils of thyme and lavender; But is net it- 
self soluble either in alcohol or ether. It vi 
the lightest of all the dense fluids, its spe* 
dfic gravity being 0.708. 2. Petrideum, 
which is a yellow, reddish, brown, green- 
ish, or blackish oil, found dropping^ from 
rocks, or issuing from the earth, in the 
duchy of Modena, and in various other 
parts of Europe and Asia. This likewise is 
insoluble in alcohol, and seems to consist 
of naphtha, thickened by exposure to the 
atmosphere. It contains a portion of the 
succinic acid. 3. Barbadoes tar, which is a 
viscid, brown, or black inflammable sub- 
stance, insoluble in alcohol, and contain- 
ing the succinic acid. This appears to be 
the mineral oil in its third state of ahera" 
tion. The solid are, 1. Asphaltum, mineral 
pitch, of which there are tiiree varieties: 
the cohesive; the semi-compact, maltha; 
the compact, or asphaltum. Iliese are 
smooth, more or less hard or brittle, in- 
flammable substances, which melt easily, 
and burn without leaving any or but little 
ashes, if they be pure. They are slightly 
and partially acted on by alcohol and' ether. 
2. Mineral tallow, which is a white sub- 
stance of the consistence of tallow, and as 
greasy, aHhougfa more brittle. It was found 
in the sea on de coasts of Fmlaady in thtf 
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ft«t 1735; and 18 also met with in some 
rookjr parts of Persia. It is nearly one«fifth 
lighter than tallow; bums with a blue flame, 
and a smell of grease, leaving a black viscid 
matter behind, which is more difficultly con- 
sumed. 3. Elastic bitumen, or mineral 
caoutchouc, of which there are two vari- 
eties. Beside these, there are other bitumi- 
nous substances, as jet and amber, which 
approach the harder bitumens in their na- 
ture; and all the varieties of pit -coat, and 
the iMtuminous schistus, or shale, which, 
contain nbre or less of bituipen in their 
composition. See the different kinds of bi- 
tumen and bituminous substances, in their 
respective places in the order of the alpha- 
b^ 

t There are no two substances more op- 
posite ift their habitudes with caloric, than 
carbon and hydrogen. The lust is, of all 
ponderable substances, the most volatile; 
and, per se, probably the most incondensi- 
ble. Charcoal, on the other hand, cannot 
even be fused, much less volatilized, per 
se.* It has, perhaps, of all substances, the 
least disposition to combine with caloric. 
Hence, in the combinutions of hydrogen 
and carbon, we find a gradation of proper- 
ties from substances, fixed like anthracite, 
to nwhtba, or inflammable matter, almost 
as volatile as air, accordingly as the carbon 
or hydrogen predominates in the com- 
potmd; < 

The diatillation of rosin yields, besides 
earburetted hydrogen, a species of petro- 
leum; and this by rectification yields an 
essentia] oil, like oil of tar, and afterwards 
some heavier and less volatile products, 
some of which though white at first turn 
black by keeping. 

In. like manner, mineral bitumens and 
bituminous coals yield petroleum, and voU 
stile oiL A quantity of acetic acid comes 
over in combination with the petroleum of 
rosin^ and is retained till the heat is con- 
siderable. It is then evolved with explosive 
violence^ 

* BiTVMiNous LIMESTONE is of a la- 
mellar structure; susceptible of polishing; 
emits an unpleasant smell when rubbed, 
and has a brown or black colour. Heat con- 
verts it into quicklime. It contains 8.8 alu- 
niina; 0.6 silica; 0.6 bitumen; and 89.75 car- 
bonate of lime. It is found near Bristol, and 
in Galway in Ireland. The Dalmatian is so 
charged with bitumen that it may be cut 
like soup, and is used for building houses. 
When the walls are reared, fire is applied 
to them and they burn white.* 

* BtfAGV Chalic> This mineral has a 
blulsh-bkcl^ colour; a slaty tes^ture; soils 
the fingers, and is xqeagre to the touch. It 
oontai^ about 64 silica, 11 alumina, 11 car* 
boR, with « littie iron and water. It is found 
iapriuutiy^ fiKHWtains. and jdsp sometimes 
YOJ..I. 



near coal formations. It occurs in CaemaH 
vonshire, and in the Island of Isla.* 

Black Jack. The miners disting^sh 
blende, or mock lead, by this name. It 14 
an ore of zinc. 

Black Lead. See Plumbago. 

Black Wadd. One of the ores of 
manganese. 

• Bleaching. The chemical art by 
which the various articles used for clothing 
are deprived of tlieir natural dark colour 
and rendered white. 

The colouring principle of silk is uut 
doubtedly resinous. Hence, M. Baumd pros 
posed the following process, as the best 
mode of bleaching it. On six pounds of yeU 
low raw silk, disposed in an eartlien pot, 
48 pounds of alcohol, sp. gr. 0.867, mixej 
Avith 12 o?. muriatic acid, sp. gr. 1.100, are 
to be poured. After a day's digestion^ tha 
liquid passes from a fine green colour to ^ 
dusky brown. The silk is then to be drain, 
ed, and washed' with alcohol. A seconding 
fusion with the above acidulated alcohol ii 
then made, for four or six days, after which 
the silk is drained and washed with alcohol, 
The spirit may be recovered by saturating 
the mingled acid with alkali or lime, an4 
distilling. M. Ilaum6 says, that silk may 
thus be made to rival or surpass in white, 
ness and lustre, the finest specimens from 
Nankin. But the ordinary method of bleachr 
ing silk is the following:* — The silk, being 
still raw, is put into a bag of thin lineii, 
and thrown into a vessel of boiling river 
water, in which has been dissolved 'gOQ4 
Genoa or Toulon soap. 

After the silk has boiled two op three 
hours in that water, the bag being frequent* 
ly turned, it is taken out to be beaten, and 
is then washed in cold water. When it has 
been thus thorougly washed and beaten, 
they wring it slightly, and put it for the 
second time into the boiling vessel, filled 
with cold water, mixed with soap and ^ 
little indigo^ which gives it that bluisH 
cast commonly observed in white silk* 

When the silk is taken out of this se* 
cond water, they wring it hard with a wood- 
en j>eg, to press out all the water aiid soap^ 
after which they shake it to untwist it, an4 
separate the threads. Then they suspend 1% 
in a kind of stove constructed for that pur? 
pose, where they burn sulphur; the vapouy 
of which gives the last degree of whitp? 
ness to the silk. 

7%« method of bleaching' vfoolleft ttufft.^v 
There are three ways of doing this. Tho 
first is with water and soap; the secon4 
with the vapour of sulphur; and the third 
with chalk, indigo^ and the v^ipour of suit 
^ur. 

Bleaching" vnih soap and teaier.'o^AAer th». 
stuffs are takeq out of the fuUeir*# mW^ 
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Acy are put into soap and water, a little 
warm, in which they are again worked by 
the strength of the arms over a wooden 
bench: this finishes giving them the white- 
ning wliich the fuller's mill had only be- 
gun. When they have been sufficiently 
worked with the hands, they are washed 
in clear water and put to dry. 

This method of bleaching woollen stuffs 
is called the Natural Method. 

Bleaching with «i//>/mr.— -They begin 
with washing and cleansing the stuffs tho- 
roughly in river water; then they put them 
to dry upon poles or perches. When they 
are half dry, they stretch them out in a 
very close stove, in which they bum sul- 
phur; the vapour of which diffusing itself, 
adheres by degrees to the whole stuff, and 
gives it a fine whitening; this is commonly 
called Bleaching by the Flower, or Bleach- 
ing of Paris, because they use this method 
in that city more than any where else. 

• The colouring matter of linen and cot- 
ton is also probably resinous; at least the 
experiments of Mr. Kirwan on alkaline lix- 
ivia saturated with the dark colouring mat- 
ter, lead to that conclusion. By neutralizing 
the alkali with dilute muriatic acid, a pre- 
cipitate resembling lac was obtained, solu- 
ble in alcohol, in solutions of alkalis, and 
alkaline sulphurets. 

The first step towards freeing vegetable 
yam or cloth from their native colour, is 
fermentation. The raw goods are put into 
a large wooden tub, with a quantity of used 
alkaline lixivium, in an acescent state, heat- 
ed to about the hundredth degree of Pahr. 
It would be better to use some uncoloured 
fermentable matter, such as soured bran or 
potato paste, along with clean warm water. 
In a short time, an intestine motion arises, 
air bubbles escape, and the goods swell, 
raising up the loaded board which is used 
to press them into the liquor. At the end of 
from 18 to 48 hours, according to the quali- 
ty of the stuffs, the fermentation ceases, 
when the goods are to be immediately with- 
' drawn and washed. Much advantage may be 
derived by the skilful bleacher, from con- 
ducting the acetous fermentation complete- 
ly to a close, without incurring the risk of 
injuring the fibre, by the putrefactive fer- 
mentation. ^^ 

The goods are next exposed f^the ac- 
tion of hot alkaline lixivia, by bucldng or 
boiling, or both. The former operation con- 
sists in pouring boiling hot ley on the cloth 
]Haced in a tub; after a short time drawing 
off the cool liquid below, and replacing it 
above, by hot lixivium. The most conveni- 
ent arrangement of apparatus is the follow- 
ing: — Into the mouth of an egg-shaped iron 
boiler, th^ bottom of a large tub is fixed 
^r tight. The tub is furnished with a falsA 
bottom pierced with holes, a few inches 



above the real bottom. In the latter, a iralve 
is placed, opening downwards, but which 
may be readily closed, by the upwards 
pressure of steam. From the side of the 
iron boiler, a little above its bottom, a pipe 
issues, which, turning at right angles up- 
wards, rises parallel to the outside of the 
bucking tub, to a foot or two above its 
summit. The vertical part of ^s pipe 
forms the cylinder of a sucking pump, and 
has a piston and rod adapted to it. At a few 
inches above the level of the mouth of the 
tub, the vertical pipe sends off a lateral 
branch, which terminates in a bent-down 
nozzle, over a hole in the centre of the lid 
of the tub. Under the nozzle and immedi- 
ately within the lid, is a metallic circular 
disc. The boiler being charged with lixiv- 
ium, and the tub with the washed g^oods, 
a moderate fire is kindled. At the same 
time, the pump is set a-going, eiUier by 
the hand of a workman or by machinery. 
Thusj the lixivium in its progressively 
heating state, is made to circulate conti- 
nually down through ,the stuffs. But when 
it finally attains the boiling temperature, 
the piston rod and piston are removed, and 
the pressure of the included steam alone, 
forces the liquid up the vertical pipe, and 
along the horizontal one in an uninterrupt- 
ed stream. The valve at the bottom of the 
tub, yielding to the accumulated weight of 
the liquid, opens from time to time, and re- 
places the lixivium in the boiler. 

This most ingenious self-acting appara- 
tus, was invented by Mr. John Laurie of 
Glasgow; and a representation of it accom- 
panies Mr. Ramsay's excellent article. 
Bleaching, in the Edinburgh Encyclopaedia. 
By its means, labour is spared, the negli- 
gence of servants is guarded against, and 
fully one-fourth of alkali saved. 

It is of great consequence to heat the 
liquid very slowly at first Hasty boiling is 
incompatible with good bleaching. When 
the ley seems to be impregnated with co- 
louring matter, the fire is lowered, and the 
liquid drawn off by a stop-cock; at the same 
time that water, at first hot and then cold, 
is run in at top, to separate all the dark 
coloured lixivium. The goods are then 
taken out and well washed^ either by the 
hand with the wash stocks, or by the rota- 
tory wooden wheel with hollow compart- 
ments, called the dash wheel. The strength 
of the alkaline lixivium is varied by diffe- 
rent bleachers. A solution of potash, ren- 
dered caustic by lime, of the specific gra- 
vity 1.014, or containing a little more than 
1 per cent of pure potash, is used bv many 
bleachers. The Irish bleachers use barilla- 
lixivium chiefly, and of inferior alkaline 
power. The routine of operations may be 
conveniently presented in a tabular form. 

A pared of goods consists of 360 pieces 
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of tbose linens which are called Britannias. 
Each piece is 35 yards long, weighing on 
an average, 10 pounds. Hence, the weight 
of the whole is 3600 pounds avoirdupois. 
I*he8e linens are first washed, and then sub- 
jected to the acetous fermentation, as above 
described. They then undergo the follow- 
ing operations:— 

1. Backed with 60 lbs. pearl ashes, 
urasbed and exposed on the field. 

2. do. with 80 lbs. do. do. do. 

3. do. 90 potashes do. do. 

4. do. 80 do. do. do. 

5. do. 80 do. do. do. 

6. do. 50 do. do. do. 
7- do. 70 do. do. do. 

8. do. 70 do. do. do. 

9. Soured one night in dilute sulphuric 
acid. 

10. Bucked with 50 lbs. pearl ashes, 
washed and exposed. 

11. Immersed in the oxymuriate of pot- 
ash for 12 hours. 

13. Boiled with 30 lbs. pearl ashes, 
washed and exposed. 

13. do. 30 do. do. do. 

13^ Soured and washed. 
The linens are then taken to the rubbing 
boar^f 9nd well rubbed with a strong lather 
of black soap, after which they are well 
washed in pure spring water. At this pe- 
riod they are carefully examined, and those 
which are fully bleached are laid aside to 
be blued and made up for the market. 
Those which are not fully white, are re- 
turned to be boiled and steeped in the oxy- 
muriate of potash, and soured until they 
are fully white. By the above process, 690 
lbs. of commercial alkali are used in bleach- 
ing 360 pieces of linen, each measuring 35 
ysms. Hence, the expenditure of alkali 
would be a little under 2 lbs. a-piece, were 
it not that some part of the above linens 
may not be thoroughly whitened. It will, 
tiierefore, be a fair average, to allow 2 lbs. 
for each piece of such goods. 

On the above process we may remark, 
that many enlightened bleachers have found 
it advantageous to apply the souring at a 
more early period, as well as the oxymuri- 
atic solution. According to Dr. Stephen- 
son, in his elaborate paper on the linen and 
hempen manufactures, published by the 
Belfast literanr Society* 10 noggins, or 
quarter pints of oil of vitriol, are sufficient 
to make 200 gallons of souring. This gives 
the proportion, by measure, of 640 water 
to 1 of acid. Mr. Parkes, in describing the 
bleaching of calicoes in his Chemic^ Es- 
says, says, that, throughout Lancashire, 
one metuwre of sulphuric acid is used with 
46 of water, or one pound of the acid to 25 
pounds of water; and he states, that a sci- 
entific eaUco printer in Scotland makes his 



sours to have the specific gravity 1.0254 at 
110° of Fahrenheit; which dilute acid con- 
tains at least l-25th of oil of vitriol. Five 
or six hours' immersion is employed. 

In a note Mr. Parkes adds, that in bleach- 
ing common goods, and such as are not de- 
signed for the best printing, the specific 
gravity of the sours is varied from 1.0146 
to 1.0238, if taken at the atmospheric tem- 
perature. Most bleachers use the strongest 
alkaline lixiviums at first, and the we&er 
afterwards.' As to the strength of the oxy- 
muriatic steeps, as the bleacher terms 
them, it is difficult to give certain data, 
from the variableness of the chlorides of 
potash and lime. 

Mr. Parkes, in giving the process of the 
Scotch bleacher, says, that after the ca- 
licoes have been singed, steeped, and 
squeezed, they are bdiled four successive 
times, for 10 or 12 hours each, in a solu- 
tion of caustic potash of a specific gravity 
from 1.0127 to 1.0156, and washed tho- 
roughly between eaqji boiling. " They are 
then immersed in a solution of the oxymu- 
riate of potash, originally of the strength 
of 1.0625, and afterwards reduced with 24 
times its measure of water. In this pre- 
paration they arc suffered to remain 12 
hours." Dr. Stephenson says, that, for 
coarse linens, the steep is made by dissolv- 
ing 1 lb. of oxymuriate of lime in 3 gallons 
of water, and afterwards diluting with 25 
additional gallons. The ordinary specific 
gravity of the oxymuriate of lime steeps, 
by Mr. Ramsay, is 1.005. But from these 
data, little can be learned; because oxymu- 
riate of lime is always more or less mixed 
with common muriate of lime, or chloride 
of calcium, a little of which has a great ef- 
fect on the hydrometric indications. The 
period of immersion is 10 or 12 hours. 
Many bleachers employ gentle and long 
continued boiling without bucking. The 
operation of souring was long ago effected 
by butter milk, but it is more safely and 
advantageously performed by the dilute 
sulphuric acid uniformly combined with 
the water by much agitation. 

Mr. Tennent's ingenious mode of uniting 
chlorine with pulverulent lime, was one 
of the greatest improvements in practical 
bleachii)|^. When this chloride is well pre- 
pared lifd properly applied, it will not in- 
jure the most delicate muslin. Magnesia 
has been suggested as a substitute for lime, 
but the high price of this alkaline earth, 
must be a bar to its general employment. 
The muriate of lime solution resulting 
from the action of unbleached cloth on that 
of the oxymuriate, if too strong, or too 
long applied, would weaken the texture of 
cloth, as Sir H. Davy has shown. But the 
bleacher is on his guard against this acci- 
dent; and the process of souring,' whicli 
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fettovs most commonly thfc oxj^muriatic 
Meep, thoroughly removes the adhdrUig 
jbarticlcaoflime. 

Mr. Parkes informs us, that calicoes for 
Jnadder work, or resist work, or for the fine Glasgow, 
bale blue dipping, cannot witliout injury "In tcrnienting itiuslin 
be bleached with oxymuriate of lime. They 
require, he says, oxymuriate of potash. I 
t>elicve this to be a mistake. Test liquors 
inadeby dissoMng indigo in sulphuric acid, 
and then diluting the sulphate with water, 
or with infusion of cochineal, are employed 
to measure the blanching power of the oxy- 
muriatic or chloridic solutions. But they 
are all more or leas uncertainj ft-om the 
changeableness of these colouring matters. 
1 have met with indigo of apparently ex- 
ceUent qualitv, of which four parts were 
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This operation is admirably adapted to 
the cleansing of hospital linen. 

The following is the practice followed by 
a very skilful bleacher of muslins near 

goods, we sur- 
round them witB our spent leys from the 
temperature of 100® to 150** F- according 
to the weather, and allow them to ferment 
for 36 hours. In boiling 112 lbs. = 112 
pieces of yard-wide muslin, we use ^ or 7 
lbs. of ashes, and 2 lbs. of soft soap, in 360 
gallons of water, and allow them to boil for 
6 hours; then wash them, and boil them 
again, with 5 lbs. of ashes, and 2 lbs. of soft 
soap, m the same quantity of water, and al- 
low them to boil 3 hours; then wash them 
with water, and immerse them into the so- 



required to saturate the same weight of lution of oxymunate of lime, at 5 on the test 
oxymuriate of lime; as was Saturated by tube, and allow them to remain from 6 to 
three parts of another indigo. Such colour- 12 hours; next wash them, and immerse 
ed liquors, however, though they give no 
absolute measure of chlorine, afford useful 
means of comparison to the bleacher. 

Some writers have recommended lime 
^nd sulphuret of lime as detergent substan- 
fces instead of alkali; but I believe no prac- 
tical bleacher of respectability would trust 
to them. Lime should always be employed, 
however, to make the alkalis caustic; in 
Vhich state their detergent powers are 
greatly increased. 

The coarser kinds of muslin are bleached 
l>y steeping, washing, and then boiling them 
in a weak solution of pot and pearl ashes. 
*rhey are next washed, and afterwards 
boiled in soap alone, and then soured in 
very dilute sulphuric acid. After being 
Vashed from the sour, they are boiled with 
soap, washed, and immersed in the solu- 
tion of chloride of lime or potash. The boil- 
ing in soap, and immersion in the oxymu- 
riate, is repeated, until the muslin is of a 



them into diluted sulphuric acid at the spe- 
cific gravity of 3^ on Twaddle's hydrome- 
ter = 1.0175, and allow them to remain an 
hour. They are now well washed, and boil- 
ed with 2i lbs. of ashes, and 2 lbs. of soapj 
for half an hour; afterwards Washed and 
immersed into the oxymuriate of lime as 
before, at the strength of 3 on the test tube, 
which is stronger than the former, and al- 
lowed to remain for 6 hours. They are again 
washed and immersed into diluted sul- 
phuric acid at the specific g^vity of St>n 
Twaddle's hydrometer = 1.015. if the 
goods be strong, they will require another 
boil, steep, and sour. At any rate, the sul- 
phuric acid is well washed out before they 
receive the finishing operation with starch. 
" With regard to the lime, which some 
use instead of alkali, immediately after fer- 
menting, the same weight of it is emploj'cd 
as of ashes. The goods are allowed to boil 
in it for 15 minutes, but not longer, other- 
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bure white colour! It is finally soured and wise the lime will injure the fabric.*' 
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»^ashed in pure spring water. The same se- 
ries bf operations is used in bleaching fine 
muslins) only soap is used in tlie boilings 
commonly to the exclusion of pearl ash. 
Fast coloured cottons are bleached in tlie 
following way: — After the starch or dress- 
ing is Well removed by cold water, they 
are gently boiled with soap, washed, and 
immersed in a moderately strong solution 
of oxymuriate of potash. This jilocess is 
i-epeated till the white part#of the cloth 
are sufiiciently pure. They are then soured 



The alkali may be recovered from the 
brown lixivia, by evaporating them to dry- 
ness and gentle ignition of the residuum. 
But, in most situations, the expense of fuel 
would exceed the value of the recovered 
alkali. A simpler mode is to boil the foul 
lixivium with quicklime, and a little pipe- 
clay and bullock's blood. After skimmings 
and subsidence, a tolerably pure ley is ob- 
tainedi* 

Under the head of chlorine. We have de- 
scribed the preparation of this article; and 



in dilute sulphuric acid. If these operations the chief circumstances respecting it to be 

be well tonducted, the colours, instead of noticed here is the apparatus, which must 

being impaired, will be greatly improved, be on an extensive scale, and adapted to 

having acquired a delicacy of tint Which the purpose of immersing and ag^Uting the 

too other process can impart goods to be bleached. The process of dis- 

After immersing cloth or yam in alka*- tillation may be performed in a large leaden 

liiie ley, if it be exposed to the action of alembic^ ^ ^, Plate I. fig. 1. suRiorted by 

steam heated to 222°, in a strong vesseli an iron trevet^ in an iron boiler e. This is 

it will be in a great measure bleached* heated by a furnace b, of Which a is the 



BI.B 



BLO 



ashfaok, € the^ftce f»r introducing^the fael; 
d is the handle of a atopper of burnt clay, 
for M^lating the draught. To the top of 
the alembic ia fitte4 a leaden cover t, which 
ia luted on, and haa three perforations: one 
£c>r the curved glaaa or leaden funnel A, 
through which the sulphuric acid is to be 
poured in; one in the centre for the agita- 
tor Ar, made of iron coated with lead; and 
the third for the leaden tube ^ three inches 
in diameter intemallj, through which the 
gas is conveyed into the tubulated leaden 
receiverm. To prevent the agitator from 
reaching to the bottom of the alembic, it is 
furnished with a conical leaden collar, 
adapted to a conical projection round the 
hole in the centre of the covef, to which it 
becomes so closely fitted by means of its 
rotatory motion, as to prevent the escape 
of the gaa. The tube 4 passing through the 
aperture m, to the bottom of the, interme- 
diate receiver neariv, which is two-thirds 
full of water, deposites there the little sul- 
phuric add that may arise? while the chlo- 
vine gas passes throi:^ the tube n into the 
wooden condenser o o. The agitator p^ 
turned by its handle I, serves to accelerate 
the combination of the gas with the alkali, 
to which the horisontal pieces g g, pro* 
jecting from- the inside, likewise contribute. 
The cover of this receiver has a sloping 
groove r, to fit close on its edge, ti^hich is 
bevelled on each side; and a cock a serves 
to draw oiTthe liquor. Mr. Tennent^s chlo- 
ride of time has nearly superseded that 
plan. 

The rag^ or other materials for making 
paper may be bleached in a similar man- 
ner: but it is best to reduce them first to 
the state of pulp, as then the acid acta 
more uniformly upon the whole substance. 

For bleaching old paper: Boil your print- 
ed paper for an insUnt in a solution of 
caustic soda. That from kelp maybe used. 
Steep it in soapsuds, and then wash it; 
after which it may be reduced to pulp. 
The soap may be omitted without much 
inconvenience. For old written paper to be 
Worked up again: Steep it in water acidu- 
lated with sulphuric acid, and then wash it 
well before it is taken to the mill. If the 
water he heated it will be more eifectual. 
To bleach printed paper, without destroy- 
ing its texture: Steep the leaves in a caus- 
tic solution of soda, either hot or cold, 
and then in a solution of soap. Arrange 
them alternately between clotlis, as paper- 
makers do thin aheets of paper when de- 
livered from the form, and aubject them to 
the press. If one operation do not render 
them aufficiently white, it may be repeated 
as often as necessary. To bleach old writ' 
ten paper, without destroying its texturet 
Steep the paper in water acidulated with 
ftulphuric acid, either hot or cold, and then 



in a solution of oxygenated muriatic acid; 
after which immerse it in water, that none 
of the acid may remain behind. This paper, 
when pressed and dried, will be fit for use 
as before. 

Blevde. An ore of zinc. 

Blood. The fluid which first presents 
itself to observation, when the parts of liv- 
ing animals are divided or destroyed, is 
the blood, which circulates with conside- 
rable Velocity through vessels, called veins 
and arteries, distributed into every part of 
the system. 

Recent blood is uniformly fluid, and of 
a saline taste. Under the microscope, it ap- 
pears to be composed of a prodigious num- 
ber of red globules, swimming in a trans- 
parent fluid. After standing for a short 
time, its parts separate into a thick red 
matter, or crassameiltum, and a fluid call- 
ed serum. If it be agitated till cold, it 
continues fluid; but a consistent polypous 
matter adheres to the stirrer, which by re- 
peated ablutions wit|| water becomes white, 
and has a fibrous appearance; the crassa- 
mentum becomes white and fibrous by the 
same treatment. If blood be received from 
the vein into warm water, a similar fila- 
mentous matter subsides, while the other 
parts are dissolved. AlkaKs prevent the 
blood from coagulating; acids, on the con- 
trary, accelerate that eflect. In the latter 
case, the fluid is found to contain neutral 
salts, consisting of the acid itself, united 
with soda, which consequently must exist 
in the blood, probably in a disengaged state« 
Alcohol coagulates blood. On the water 
bath, blood anords an aqueous fluid, neither 
acid nor alkaline, but of a faint smell, and 
easily becoming putrid. A stronger heat 
gradually dries it, and at the same time 
reduces it to a mass of about one-eighth of 
its original weight. 

* Blood usually consists of about 3 parts 
serum to one of cruor. The serum is of a 
pale greenish-3Pellow colour. Its specific 
gravity is about 1.029, while that of blood 
itself is 1.053. It changes sirup of violets 
to a green, from its containing free soda. 
At 156'' serum coagulates, and resembles 
boiled white of eg^. When this coagu- 
lated albumen is squeezed, a muddy fluid 
exude^ which has been called the sero* 
sity. According to Berzeli us, 1000 parts 
of the seruift of biiUook's blood consist of 
905. water, 79.99 albumen, 6.175 lacUte of 
soda and extractive matter, 2.565 muriates 
of soda and potash, 1.52 soda and animal 
matter, and 4.75 loss. 1000 parts of serum 
of human blood consist, by the same che- 
mist, of 905 water, 80 albumen, 6 muriates 
of potash and soda, 4 lactate of soda with 
animal matter, and 4.1 of sodai and phos- 
phate of soda with animal matter. There 
IS DO gelatin in seQum. 
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The cruor has a specific grvnty of about 
1.245. By making^ a stream of water flow 
upon il till the water runs off colourless, it 
is separated into insoluble fibrin, and the 
soluble colouring matter. A little albumen 
has also been found in cruor. The propor- 
tions of the former two, are 64 colouring' 
matter, and 36 fibrin in 100. To obtain the 
colouring matter pure, we mix the cruor 
with 4 parts of oil of vitriol previously di- 
luted with 8 parts of water, and expose the 
mixture to a heat of about 160 degrees for 
5 or 6 hours. Filter the liquid while hot, 
and wash the residue with a few ounces of 
hot water. Evaporate the liquid to one-half, 
and add ammonia, till the acid be almost, 
but not entirely saturated. The colouring 
matter falls. Decant the supernatant liquid, 
filter and wash the residuum, from the 
whole of the sulphate of ammonia. When 
it is well drained, remove it with a platina 
blade, and dry it in a capsule. 

When solid, it appears of a black colour, 
but becomes wine-redj)y diffusion through 
water, in which, however, it is not soluble. 
It has neither taste nor smell. Alcohol and 
ether convert it into an unpleasant smell- 
ing kind of adipocere. It is soluble both in 
alkalis and aci(ls. It approaches to fibrin in 
its constitution, and contains iron in a pe- 
culiar state, T of a per cent of the oxide 
of which may be extracted from it by cal- 
cination. The incinerated colouring matter 
weighs l-80th of the whole; and these 
ashes consist of 50 oxide of iron, 7.5 sub- 
phosphate of iron, 6 phosphate of lime, 
with traces of magnesia, 20 pure lime, 16.5 
carbonic acid and loss; or the two latter in- 
gredients may be reckoned 32 carbonate of 
lime. Berzelius imagines that none of these 
bodies existed in the colouring matter, but 
only their bases, iron, phosphorus, calcium^ 
carbon, &c. and that they were formed dur- 
ing the incineration. From the albumen of 
blood, the same proportion of ashes may 
be obtained, but no iron. 

No good explanation has yet been given 
of the change of colour which blood un- 
dergoes from exposure to oxygen, and 
other ^ases. Under the exhausted receiver, 
carbonic acid gas is disengaged from it. 
The blood of the foetus is darker coloured 
ftan that of the adult; it has no fibrin, and 
no phosphoric acid. The buffV coat of in- 
flamed blood is fibrin; from wWbh the co- 
louring matter has precipitated by the 
greater liquidity or slowness of coagula- 
tion produced by the disease. The serum 
of such blood does not yield consistent al- 
bumen by heat. In diabetes mellitus, when 
the urine of the patient is loaded with su- 
gar, the serum of the blood assumes the 
appearknce of whey, according to Drs. Hol- 
lo and Dobson; but Dr. WoUaston has 
proved that it contains no sugar.* 



Dr. Carbonel of Barcelomi has employed 
serum of blood on an extensive scale in 
painting. Mixed with powdered quicmime 
or slaked lime, to a proper consistence, it 
is easily applied on wood, to wfaich it thus 
gives a coating of a stone colour, that dries 

auickly, without any bad smell, and resists 
le action of sun and nun. The wood 
should be first covered with a coating of 
plaster; the composition must be mixed as 
It is used, and the scrum must not be stale. 
It may be used too as a cement for water* 
pipesy and for stones for building under 
water. 

* Bloodstove. See Calcedoky.* 
Blow-pipe. This simple instrument will 

be described under the article Labora- 
tory. 

* We shall here present our readers first 
with an abstract of Assessor Gahn's late 
valuable treatise on the common blow-pipe, 
and shall afterwards give an account of 
Dr. Clark's very interesting experiments 
with the oxyhydro^en blow-pipe.* 

The substance to be submitted to the 
action of the blow-pipe must be placed on 
a piece of charcoal, or in a small spoon of 
platina, gold, or silver; or» according to 
Saussure, a plate of cyanite may sometimes 
be used. Charcoal from the pine is to be 
preferred, which should be well ignited 
and dried, that it may not crack. The sides, 
not the ends, of the fibres must be used, 
otherwise the substance to be fused sjMreads 
about^ and a round bead will not be form« 
ed. A small hole is to be made in the char- 
coal, which is best done by a slip of plate iron 
bent longitudinally. Into this hole the sub- 
stance to be examined must be put in very 
small quantity; if a very intense heat is to 
be used, it should not exceed the size of 
half a peppercorn. 

The metallic spoons are used when the 
substance to be examined is intended to be 
exposed to the action of heat only, and 
might undergo some change by immediate 
contact with the charcoal. When the spoon 
is used, the flame of the blow-pipe should 
be directed to that part of it which con- 
tains the substance under examination, and 
not be immediately applied to the substance 
itself. The handle of the spoon may be in- 
serted into a piece of charcoal: and if a 
very intense heat is required, the bowl of 
the spoon may be adapted to a hole in the 
charcoal. Small portions may be taken up 
by platina forceps. Salts and volatile sub- 
stances are to be heated in a glass tube 
closed at one end, and enlarged according 
to circumstances, so as to form a small ma- 
trass. 

When the alteration which the substance 
undergoes by the mere action of heat has 
been observed, it will be necessary to exa- 
mine what further change take* place when 
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\rtien it is melted with Tarious fluxes, and 
how far it is capable of reduction to the 
metallic state. 
These fluxes are, 

1. Microcosmic salt; a compound of phos- 
phoric acid, soda, and ammonia. 

2. Subcarbonate of soda, which must be 
free from all impurity, and especially from 
sulphuric acid, as this will be decomposed, 
and sulphuret of soda will be formed, which 
will dissolve the metals we wish to reduce, 
and produce a bead of coloured glass with 
substances that would otherwise give a co- 
lourless one. 

3. Borax, which should be first freed 
from its water of crystallization. 

These are kept powdered in small phials; 
and when used, a sufficient quantity may 
be taken up by the moistened point of a 
knife: the moisture causes the particles to 
cohere, and prevents their being* blown 
away when placed on the charcoal. The 
flux must then be melted to a clear bead, 
and the substance to be examined placed 
Vpon it. It is then to be submitted to the 
action, first of Uie exterior, and afterwards 
of the interior flame, and the following cir- 
cumstances to be carefully observed:— 
* 1.. Whether the substance is dissolved; 
and, if so, 

2. Whether with or without efferves- 
cence, which would be occasioned by the 
liberation of carbonic acid, sulphurous 
acid, oxygen, gaseous oxide of carbon, &c. 

d. The transparency and colour of the 
glass while cooling. 

4. The same circumstances after cooling. 

5. The nature of the glass formed by the 
exterior flame, and 

6. By the interior flame. 

7. The various relations to each of the 
fluxes. 

It must be observed that soda will not 
form a bead on charcoal, but with a cer- 
tain degree of heat will be absorbed. When, 
therefore, a substance is to be fused with 
soda, this flux must be added in very small 
quantities, and a very moderate heat used 
at first, by which means a combination will 
take place, and the soda will not be ab- 
sorbed. If too large a quantity of soda has 
been added at first, and it has consequently 
been absorbed, a more intense heat will 
cause it to return to the surface of the 
charcoal, and it will then enter into com- 
bination. 

Some minerals combine readily with 
onlv very small portions of soda, but melt 
with difficulty if more be added, and are 
absolutely infusible with a larger quantity: 
and when the substance has no affinity for 
this flux, it is absorbed by the charcoal, 
and no combination ensues. 



When the mineral or the soda contain^ 
sulphur or sulphuric acid, the glass ac- 
quires a deep yellow colour, which by the 
hght of a lamp appears red, and as if pro- 
duced by copper. 

If the glass bead becomes opaque as it 
cools, so as to render the colour indistinct 
it should be broken, and a part of it mixed 
with more of the flux, until the colour be- 
comes more pure and distinct. To render 
the colour more perceptible, the bead may 
be either compressed before it cools, or 
drawn out to a thread. 

When it is intended to oxidate more 
highly a metallic oxide contained in a vi- 
trified compound with any of the fluxes, 
the glass is first heated by a strong flame, 
and when melted is to be graduafiy with- 
drawn from the point of the blue flame. 
This operation may be repeated several 
times, permitting the glass sometimes to 
cool, and using a jet of large aperture with 
the blow-pipe. 

The reduction of metals is efiected in the 
following manner: The glass bead, formed 
ai^er the manner already pointed out, is to 
be kept in a state of fusion on the charcoal 
as long as it remains on the surface, and is 
not absorbed, that the metdhc particles 
may collect themselves into a globule. It is 
then to be fused with an additional quantity 
of soda, which will be absorbed by the char- 
coal, and the spot where the absorption has 
taken place is to be strongly ignited by a 
tube with a smaU aperture. By continuing 
this ignition, the portion of metal which 
was not previously reduced will now be 
brought to a metallic state; and the process 
may be assisted by placing the bead in a 
smoky flame, so as to cover it with soot 
that is not easily blown off. - 

The greatest part of tke beads which 
contain metals are frequently covered with 
a metallic splendour, which is most easily 
produced by a gentle, fluttering, smoky 
flame, when the more intense heat has 
ceased. With a moderate heat the metallic 
surface remains; and by a little practice it 
may generally be known whether the sub- 
stance under examination contains a metal 
or not. But it must be observed, that the 
glass of borax sometimes assumes exter- 
nally a met:y/ic splendour. 

When the charcoal is cold, that part im- 
pregnated with the fused mass should be 
taken out with a knife, and ground with 
distilled water in a crystal, or what is much 
better, an agate mortar. The soda will be 
dissolved; the charcoal will float, and may 
be poured off; and the metallic particles 
will remain in the water, and may be exa- 
mined. In this manner most of the metala 
may be reduced. 
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BeUaimt ^f the Earths and MetaOic Oxide9 
b^ort the Blffvhpipe. 

I. TBB BAATHS. 

BatyteSf when containing water, melts 
and spreads on the charcoal. Combined 
with sulphuric acid, it is converted, in the 
interior name, into a sulphuret, and is ab- 
sorbed by the charcoal, with eiTervescence, 
which continues as long as it is exposed to 
the action of the instrument. 

StrwiHte: If combined with carbonic acid« 
and held in small thin nlates with platina 
forceps in the interiot flame, the carbonic 
acid IS driyen off; and on the side of the 
plate farthest from the lamp, a red flame 
IS seen sometimes edged with green, and 
scarcely perceptible but by the flame of a 
lamp. Sulphate of strontites is reduced in 
the interior flame to a sulphuret. Dissolve 
this in a drop of muriatic acid, add a drop 
jof alcohol, and dip a smaU bit of stick in 
the solution; it will bum with a fine red 
flame. 

Ume. Yhe carbonate is easily rendered 
caustic by heat; it evolves heat on being 
moistened, and is afterwards infusible be- 
fore the blow-pipe. The sulphate is easily 
reduced to sulphuret, and possesses, be- 
sides, the property of combining with fluor 
at a moderate heat, forming a clear glass. 
The fluor should be rather in excess. 

Magne%Ui produces, like the strontites, 
an intense brightness In the flame of the 
blow-pipe. A drop of solution of cobalt be« 
ing added to it, and it being then dried 
and strongly ignited, a faint reddish colour 
like flesh is produced, which, however, is 
scarcely visible by the light of a lamp. And 
magnesia may by this process be detected 
in compound bodies, if they do not contjun 
much metallic matter, or a proportion of 
alumina excee<^g the magnesia. Some in- 
ference as to the quantity of the magnesia 
may be drawn from the intensity of the co- 
lour produced. 

All these alkaline earths, when pure, are 
readily fusible in combination ^th the 
fluxes into a clear, colourless glass, with- 
out eflervescence; but on adding a further 
quantity of the earth, the glass becomes 
opaque. 

Alumina combines more slowly with the 
fluxes than the preceding earths do, and 
forms a clear glass, which does not become 
opaque. But the most striking character of 
alumina is the bright blue colour it ac- 
quires from the addition of a drop of ni- 
trate of cobalt, after having been dried and 
ignited for some time. And its presence 
may be detected in tliis manner in com- 
pound minerals, where the metallic sub- 
stances are not in gi*eat proportion, or the 
quantity of magnesia large. Alumina ma^ 
be thus detected in the ugalmatolite. 



11, TUB IfSTALLXO OXIDEI. 

Arsenic flies off accompanied by its cha- 
racteristic smell, resembling garlic. When 
larger pieces of white arsenic are heated 
on a piece of ignited charcoal, no snell is 
perceived. To produce this effect the white 
oxide must be reduced, by being niixed . 
with powdered charcoal If atvenic is held 
in solution; it ma^ be discovered by dip- 
ping into the solution a piece of pure and 
weu-bumed charcoal, which is afterwa^. 
to be dried and ignited. 

CArofR*. Its green oxide, the form in 
which it most commonly occurs, and to 
which it is reduced by heating in the com«^ 
mon air, exhibits the following properties:' 
it is fusible with mierecoemic saU, in the tn^ 
terier flame, into a glass which at the in- 
stant of its removal from the flame, is of s 
violent hue, spproaching more to the dark . 
blue or red, according to the proportion of 
chrome. After cooling, the glass is bluish- 
green, but less blue than the copper glass. 
In the exterior flame the colour becodie* 
brighter, and less blue, than the former. 
With borax it fbrms a bright yellowish, or 
yellow-red ghMS, in the exterior flame; and 
m the inierior flame, this becomes diu^kei^ 
and greener, or bluish-green. The reduc- 
tion with soda has not TOen examined. 

Mobfbdie add melts by itself upon the 
charcoal with ebullition, and is absorbed- 
In a platina spoon it emits white fumesy' 
and is reduced in the in$erior flame to mo^ 
lybdous acid, which is blue; but in the ex- 
terior flame it is again oxidated, and be- 
comes white. With nucrocotmic aatt, in the 
exterior flame, a small proportion of the 
acid ^ives a green glass, which by g^doal 
additions of the acid passes through yel> 
low-green to reddish, brownish, and bya«> 
cinth-brown, with a slight tinge of green. 
In the interior flame the colour passes from 
yellow-green, through yellow-brown mnA 
brown-red, to black; and if the projwrtion 
of acid be large, it acquires a metallic lus- 
tre, like the sulphuret, which sometimes 
remains after the glass has cooled. Molyb- 
dic acid is but little dissolved by borax. In 
the exterior flame the glass acquires a gray- 
yellow colour. In the interior, flame, a quan* 
tity of black particles is precipitated from 
the clear glass, and leaves it almost colour- 
less when the quantity of molybdenum is 
small, and blackish when the proportion is 
larger. If to a glass formed of this acid and 
microcosmic sidt a little borax be added, 
and the mixture fused in the exterior flame, 
the colour becomes instantiy reddish- 
brown; in the interior flame the black par- 
ticles are also separated, but in smaller 
quantity. By long continued heat the co« 
lour of the glass is diminished, and it jsp« 
pears yeUowor by the light of s lamp than 
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bjr diiy-IIght This ifiid is not r^uced by 
soda in the interior flame. 

Tun^ttic €i€id becomes upon the char- 
coal at first brownish-yellow, is tlien re- 
duced to a brown oxide, and lastly becomes 
black without melting or smoking. With 
tmcrocBtmU tali it forms in the interior flame 
a pure blue glass, without any violet tinge; 
in the exterior flame this colour disappears, 
and re-appears again in the interior. With 
borax, in the internai flame, and in small 
proportions it forms a colourless gUss, 
which, by increasing the proportion of the 
acid, becomes dirty gray* and then red- 
dish. By long exposure to tite external 
flame it becomes transparent, but as it cooU 
it becomes muddy, whitish, and changea- 
ble into red when seen by day-light. It is 
not reduced. 

. Oxiile of Tantalum undergoes no change 
by itself,, but is readily fused with merer 
coomic oait and with borax, into a clear co- 
lourless glass, from which the oxide may 
be precipitated by heating and cooling it 
alternately. The glass then becomes opaque, 
and the oxide is not reduced. 

Oxide of Titanium becomes yellowish 
when ignited in a spoon, and upon charcoal 
dark brown. With microcotmic salt it gives 
in the interior flame a flne violet-coloui'ed 
glass, with more of blue than that from 
manganese. In the exterior flame this co- 
lour disappears. With borax it gives a dirty 
hyaciiith colour. Us combinations with so- 
da have not been examined. 

Oxtij? of CVrtttm becomes red-brown when 
Ignited. When the proportion is small it 
forms with the fluxes a clear colourless 
glass, which by increasing the proportion of 
oxide becomes yellowish -green while hot. 
With ndcrocoomii: ealt, if heated a long time 
in the internal flame, it gives a clear co- 
lourless glass. With borax, under similar 
circumstances, it gives a faint yellow-green 
glass while warn),but colourless when cold. 
Exposed again for some time to the exter- 
nal fLame, it becomes reddish-yellow, which 
colour it partly retains when cold. If two 
transparent beads of the compound with 
microcosmic salt and with borax be fus^d 
together, the triple compound becomes 
opaque and white. Flies on by reduction. 

Oxitie of Uranium. The yellow oxide by 
igfnition becomes green or greenish brown. 
With ndcrocoemic oalt in the interior flange 
it forms a clear yellow glass, the colour of 
which becomes more intense when cold. If 
long exposed to the exterior flame, and fre- 
quently cooled, it gives a pale yellowish 
red-brown glass, which becomes greenish 
as it cools. With borax in the interior flame 
a clear, colourless, or faintly green glass, 
is formedj containing black particles, which 
appear to be the metal in its lowest state of 
oxidation. In tho exterior flame this black 
Vol. I. 



matter. Is dissolved Jf the quantity be not 

too great, and the glass becomes bright 
yellowish -green, and after further oxida- 
tion yellowish-brown. If brought again into 
the interior flam^e, the colour gradually 
changes to green, and the black matter it 
again precipitated, but no fui'ther reduc- 
tion takes place. 

OxitJe of Man^anete gives with nUcrocoo." 
ntic salt in the exterior fLaivae a fine amethyst 
colour, which disappears in the interior 
flame. With borax it gives a yellowish hya- 
cinth red glass. 

When the manganese, from its combina- 
tion with iron, or any other cause, does not 
produce a sufficiently intense colour in the 
P^lass, a litjtle nitre may be added to it while 
m a state of fusion, and the glass then be- 
comes dark violet while hot, and reddish 
violet when cool: is not reduced. 

Oxide of Tellurium, when gently heated, 
becomes first yellow, then light red, and af- 
terwards black. It melts and is absorbed 
by the charcoal, and is reduced with a 
slight detonation, a greenish flame, and a 
smell of horse-raddish. Microcosmic oaU 
dissolves it without being coloured. 
. Oxide of Antimony, is partly reduced in 
the exterior, flame, and spreads a white 
smoke on the charcoal. In the interior flame 
it is readily reduced by itself, and with so- 
da. With microcosmic salt and with borax 
it forms a hyacinth-coloured glass. Metal* 
lie antimony, when ignited on charcoal, and 
remaining untouched, becomes covered 
with radiating acicular crystals of white 
oxide. Sulphuret of antimony melts on 
charcoal, and is absorbed. 

Oxide of Bismuth melts readily in a spoon 
to a brown glass, which becomes brighter 
as it cools. With microcosmic. salt it forms 
a gray-yellow glass, which loses its trans- 
parency, and becomes pale, when cool. 
Add a further proportion Sf oxide, and it 
becomes opaque. With borax it forms a 
gray glass, which decrepitates in the inte^ 
rior flame, and the metal is reduced and 
volatilized. It is most readily reduced by 
itself 6n charcoal. 

Oxide of Zinc becomes yellow when 
heate;d, but whitens as it cools. A small 
proportion forms with microcosndc salt and 
with borax a clear glass, which becomes 
opaque on increasing the quantity of oxide. 
A drop of nitrate of cobalt beijig added to 
the oxide, and dried and ignited, it be- 
comes green. With soda in the interior 
flame it is reduced, and burns with its cha- 
racteristic flame, depositing its oxide upon 
the charcoal. By this process zinc may be 
easily detected even in the automolife. 
Mixed with oxide of copper, and reduced, 
the zinc will be fixed, and brass be obtain- 
ed. But one of the most unequivocal cha* 
ractera of the oxide of ainc ia todissolvc it 
25 
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ill Tinegat» evaporate the aolution to dfy- 
ness, and expose it to the flame of a lamp» 
when it will burn with its peculiar flame. 

Oxide of Iron produces with ndcrocotmic 
Hitt or borax in the exterior flame, when 
cold, a yellowish glass, which is blood-red 
while hot. The protoxide forms with these 
fluxes a g^en glass, which, by increasing 
the proportion of the n^etal, passes through 
bottle-green to black and opaque. The glass 
from the oxide becomes green in the inie- 
rior flame, and is reduced to protoxide, and 
becomes attractible by the magnet When 
placed on the wick of a candle, it bums 
with the crackling noise peculiar to iron. 

Oxide of Cobalt becomes black in the 
exterior, and ^ray in the interior flame. A 
small proportion fofms with microeoomic 
•alt and with borax a blue glass, that with 
borax being the deepest By transmitted 
light the glass is reddish. By farther addi- 
tions of the oxide it passes through dark 
blue to black. The metal may be precipita- 
ted fh)m the dark blue glass by inserting a 
steel wire into the mass while in fusion. It 
is malleable if the oxide has been free from 
arsenic, and may be collected by the mag- 
net; and is distinguished from iron by the 
absence of any crackling sound when placed 
on the wick of a candle. 

Oxide of Nickel becomes black at the 
extremity of the exterior flame, and in the 
interior greenish-gray. It is dissolved rea- 
dily, and in large quantity, by microcoimic 
eaU, The glass, while hot, is a dirty dark 
red, which becomes paler and yellowish as 
it cools. After the glass has cooled, it re- 

Suires a large addition of the oxide to pro- 
uce a.distinct change of colour. It is near- 
Ij the saHie in the exterior and interior 
flame, being slightly reddish in the latter. 
Ifitre added to tbe bead makes it froth, 
and it become red-brown at first, and af- 
terwards paler. It is easily fusible with bo- 
rax, and the colour resembles the preced- 
ing. "When this glass is long exposed to a 
high degree of heat in the interior flame, 
it passes from reddish to blackish and 
opaque; then blackish-gray, and translu- 
cent; then paler reddish-g^ay, and clearer; 
and, lastly, transparent; and the metal is 
precipitated in small white metallic glo- 
bules. The red colour seems here to be pro- 
duced by the entire fusion or solution of 
the oxide, the black by incipient reduction, 
ftnd the gray by the minute metallic parti- 
cles before they combine and form small 
globules. When a little soda is added to the 
glass formed with borax, the reduction is 
more easily effected, and the metal collects 
itself into one single globule. When this 
oxide contains iron, the glass retuns its 
own colour while hot, but assumes that of 
the iron as it cools. 

6xid6^tf Tin^ in fonn of bjdntei and in 



its highest degree of purity, becomes yel- 
low when heated, then red, and when ap- 
proaching to ignition, black. If iron Or leaul 
be mixed with it, the colour is dark brown 
When heated. These colours become yel- 
lowish as the substance cools.' Upon char- 
coal in the interior flame it becomes and 
continues white; and, if originally white and 
free from water, it undergoes no change of 
colour by heating. It is very easily reduced 
without addition, but the reduction \s pro- 
moted by adding a drop of solution of soda 
or potash. 

Oxide of Lead melts, and is very quickly 
reduced, either without any addition, or 
when fused with microcosmic salt or bo- 
rax. The glass not reduced is black. 

Oxide of Copper is not altered by the ex- 
terior flame, but becomes protoxide in the 
interior. With both ndcrocoende oalt arid 60- 
rax it forms a yellow-green glass while hot, 
but which becomes blue-green as it cools. 
When strongly heated in the interior flame, 
it loses its colour, and the metal is reduced. 
If the quantity of oxide is so small that the 
green colour is not perceptible, its pre- 
sence may be detected by the addition of 
a little tin, wliich occasions a reduction of 
the oxide to protoxide, and produces an 
opaque, red glass. If the oude has been 
fused with borax, this colour is longer pre- 
served; but if with microcosmic salt, it soon 
disappears by a continuance of heat 

The copper may also be precipitated 
upon iron, but the glass must be first satu- 
rated with iron. Alkalis or lime promote 
this precipitation. If the glass containing 
copper be exposed to a smoky flame, the 
copper is superficially reduced, and the 
glass covered while hot with an iridescent 
pellicle, which is not always permanent af- 
ter cooling. It is very easily reduced by 
soda. Salts of copper, when heated before 
the blow-pipe, give a fine g^'een flame. 

Oxide of Mercury before the blow-pipe 
becomes black, and is entirely volatilized. 
In this manner its adulteration may be dis- 
covered. 

The other metals may be reduced by 
themselves, and may be known by their own 
peculiar characters. 

• Under the particular mineral species 
their habitudes with the blow-pipe are 
given. 

Dr. Robert Hare, Professor of Natural 
Philosophy in the University of Philadel- 
phia, published, in the first Tolume 'of 
Bruce's Mineralogical Journal, an account 
of very intense degrees of heat, which he 
had produced and directed on different bo- 
dies, by ajet of flame, consisting of hydro- 
gen and oxygen gases, in the proportion 
requisite for forining water. The gases 
were discharged from separate gasometers, 
and were brought in contact only at a com- 
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aion orifice or nozzle of small diameter^ 
in whi^b their two tabes terminated.f 

In the first number of the Journal of Sci- 
ence and Arts, is a description of a blow- 
pipe contrived by Mr. Brooke, and exe- 
cuted by Mr. Newman, consisting^ of a 
strong iron box, with a blow^pipe nozzle 
and stop-cock, for regulating the emission 
of air, which had been previously condensed 
into the box, by means of a syrin^ screwed 
into its top. For this fine invention we are 
ultimately indebted to Sir H. Davy. John 
George Children, Eiq. first proposed to him 
this application of Newman's apparatus for 
condensed air or oxygen, tmme<Uately after 
Sir H. had discovered that the explosion 
from oxygen and hydrogen woidd not com- 
municate through very small apertures; 
and be first tried the experiment himself 
with a fine glass capillary tube. The flame 
was not visible at the end of this tube, 
being overpowered by the brilliant star of 
tlie glass ignited at the aperture. 

Dr. Clarke, after being informed by Sir 
H. Davy that there would be no danger of 
explosion in burning the compressed gases, 
by suffering them to pass through a fine 
thermometer tube, -^ of an inch diameter, 
and three. inches in length; commenced a 
series of experiments, ^liich Were attended 
with most important and striking results. 
By the suggestion of Professor Camming, 
there has been enclosed in the iron box, a 
small cylinder of safety, about half filled 
with oil^ and stuffed at top with fine wire 
eauze. The condensed gases must pass 
&om the large chamber into this small 
one, up through the oil, and then across 
the gauze, before they can reach the stop- 
cock and blow-pipe nozzle. By this means, 
the dangerous explosions which had oc- 
curred so frequently, as would have deter- 
red a less intrepid experimenter than Dr. 
Clarke, are now obviated. It is still, howe- 
ver, a prudent precaution, to place a wood- 
en screen between the box and the opera- 
tor. The box is about five inches long, four 
broad, and three deep. The syringe is join- 
ed to the top of the box by a stop-cock. 
Near the upper end of the syringe, a screw 
nozzle is fixed in it at right angles, to 
which the stop-cock of a bladder contain- 
ing the mixed gases may be attached. 
"Wlien we wish to inject the gases, it is 

f My memoir on the supply and applica- 
tion of the blow-pipe, in which the tusion 
of the pure earths, and volatilization of pla- 
tinuro» were first mentioned as practicable, 
was published in a separate pamphlet 
twelve years before the article on the com- 
pound blow-pipe appeared in Bruce's Jour- 
nal. This was a republication of a paper 
previously presented by Professor SiUiman 
to the Connecticut Academy of Sciencesr 
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proper to draw the piston to the top, he. 
fore opening the lower stop-cock, lest the 
flame of the jet should be sucked back- 
ward, and cause explosion. It is likewise 
necessary to see that no little explosion 
has dislodged the oil from the safety cy- 
linder. A bubbling noise is heard when the 
oil is present. A slight excess of hydrogen 
is found to be advantageous. 

Platinum is not only fused the instant it 
is brought in contact with the flame of the 
ignited gases, but the melted metal runs 
down in drops. Dr. Clarke has finely fused 
the astonishing^ (quantity of half an ounce 
at once, by this jet of flame. In small quan- 
tities, it bums like iron wire. Palladium 
melted like lead. Pure lime becomes a wax- 
yellow vitrification. A lambent purple flame 
always accompanies its fusion. The fusion 
of magnesia is also attended with combus- 
tion. Strontites fused with a flame, of an 
intense amethystine colour, and after some 
minutes there appeared a small oblong mass 
of shining matter in its centre. Silex instant- 
ly melted into a deep orange-coloured glass» 
which was partiy volatilized. Alumina melt- 
ed with gi'eat rapidity into globules of a 
yellowish transparent glass. In these expe- 
riments, supports of charcoal, platinuin or 
plumbago, were used with the same effect. 
The alkalis were fused and volatilized the 
instant they came in contact with the flame, 
with an evident appearance of combustion. 

The following refractory native com- 
pounds were fused. Rock crystal, white 
quartz, noble opal, flint, calcedony, li^gyp- 
tian jasper, zircon, spinelle, sapphire, to- 
paz, cymophane, pycnite, andalusite, wa- 
velite, rubellite, hyperstene, cyanite, talc, 
serpentine, hyalite, lazulite, gadolinitc, leu- 
cite, apatite, Peruvian emeridd, Siberian be- 
ryl, potstone, hydrate of magnesia, subsul- 
phate of alumina, pagodite of China, Iceland 
spar, common chalk, Arragonite, diamond. 

Gold exposed on pipe-clay to a flame, was 
surrounded with a halo of a lively rose co- 
lour, and soon volatilized. Stout iron wire 
was rapidly burned. Plumbago was fused 
into a magnetic bead. Red oxide of titani- 
um fused, with partial combustion. Red 
ferriferous copper, blende, oxides of plati- 
num, gray oxide of manganese, crystalliz- 
ed oxide of manganese, wolfram, sulphuret 
of molybdenum, siliceo-calcareous titani- 
um, black oxide of cobalt^ pechblende, si- 
liciferous oxide of cerium, cbromate of 
iron, and ore of iridium, were all, except 
the second and last, reduced to the metal- 
lic state, with peculiar, and for the most 
part, splendid phenomena. Jade, mica, ami-^ 
anthus, asbestus, melt like wax before this . 
potent flame. 

But the two most surprising of Df. 
Clarke's experiments were, the fusion of 
the meteoric stone from I'Aigle, and ita . 
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coinrenion !tito iron/ and the rediiction of 
#ari«m, from the earth barytea and its salta. 
Some nitrate of barytea, put into a cavity, 
at the end of a stick of chnrcoal, was ex- 
posed to the ignited gas. K ftised with te- 
nement ebullition, and metallic globules 
were clearly discernible in the midst of the 
boiling fluid, suddenly forming, and as sud- 
denly disappearing. On checking the flame, 
the cavity of the chkrcoal was studded over 
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tTe shall conclude this article by the Al- 
lowing experiment of Dr. CVarke's: If yon 
take up two pieces of lead foil and piati' 



hydrogen and the other of oxygen, which 
do not mix till the moment of their com- 
bustion; and consequently are attended by 
no kind of danger. This blow -pipe is in this 
respect far preferable to that of Newman, 
or rather of Brooke, who appears to have 
with innumerable globules of a metal of ^^gj, ^^^ g^g^ inventor, and it is not inferior 
the most brilliant lustre and whiteness, re- ^ j^^ q^ ^^jy in ^ very slight degree, in iii- 
•embling the purest platinum after fusion. ^j^g\xy of heat. We can besides supply it 
Some globules were detached and dropped ^j^jj hydrogen gas and oxygen gas, com- 
into naphtha, where they retained for some pressed each in its own reservoir; but, if 
time their metallic aspect. Their specific ^^ ^.^^^ ^^ judge of it by the effects pro- 
gravity was 400. . J J, u duced by this instrument, and by that of 
Dr. Clarke fused to^th^r a bead of ba- Brooke, there is but little advantage in 
rium and one of platinum, each weighing having recourse to this means. 



one grain. The bronze coloured alloy weigh- 
ed two grains, proving a real combination. 
The alloy of barium and iron is black and 
brittle. Barium is infusible before the blow- 



" Lavoisier, as is well known, by direct- 
ing oxygen gas upon burning charcoal, suc- 
ceeded in melting and volatilizing some 
substances, which, till that time, bad been 



pipe, per »e; but with borax it dissolves considered as infusible and fixed. (M^m 

like barytes, ^th a chrysolite gi-een co- ^^ l»Acad, 1782 et 1783). He melted alu- 

lour, and disclosing metallic lustre to the ^j^e, and many of its mixtures; but he did 

file. The alloy of barium and copper is of ^^^ succeed in melting silex, barytes, lime 

a vermilion colour. When silex is mixed ^^^^ magnesia. 



into a paste with lamp-oil, and exposed on 
ft cavity of charcoal to the flame, it runs 
readily into beads of various colours. If 
these be heated in contact with iron, an al- 
loy of silicium and iron is obtained, which 
discloses a metallic surface to the file. Mag- 
nesium and iron may be alloyed in the same 
way. 

By using from two to three volumes ' of 
hydrogen to one of oxygen, and directing 
the flame on ^ pure barytes, supported on 
pincers of slate. Dr. Clarke has more lately 
revived barium in larger quantities, so as 
to exhibit its qualities for some time. It 
gradually, however, passes again into pure 
barytes Muriate of rhodium, placed in a 
charcoal crucible, yielded the metal rho- 
dium, brilliant lifce platinum. It is mallea- 
ble on the anvil. Oxide of uranium, from 
Cornwall, was also reduced to the metallic 
state.-f 



f How far Dr. Ure has done me justice 
in this article, will be seen more fully in 
the strictures which I have lately publish- 
ed on " Clarke's gas blow-pipe." in Silli- 
inan's Journal, No. 2, vol. 2. But it may be 
sufficient to subjoin the following article 
translated into No. 1, vol. 3d. of the same 
journal, from the Annates de Chimie. From 
this it appears, that Dr. Clarke's plagia- 
risms are not likely to receive the counte- 
nance in France, which he has managed to 
procure for them in his own country. 

«* The blow-pipe of Hare was described 

in the Annals of Cheniistry, (Vol. 45, p. .._, 

113.) It is supplied by two streams, one of treous globules. 



•• Mr. Hare, by means of his blow-pipe, 
perfectly melted alumine,silex and barytes, 
but with great difficulty, lime and magne- 
sia. He brought silver and gold to a state 
of ebullition, and succeeded, almost in- 
stantly, in volatilizing completely, globules 
of platina of more than a line in dianoeter. 
(Ann. de Chim. XLV. 134. et LX. 82.) 

"Some years afterwards, Mr. Silliman, 
Professor of Chemistry and Mineralogy, 
who had co-operated in the early experi- 
ments of Mr. Hare, performed new ones, 
which were published in 18^3, in the first 
volume of the Memoirs of the Connecticut 
Academy of Arts and Sciences; we proceed 
to give the principal results. 

** Alumine waa perfectly melted into a 
milk white enamel. 

'* Silex, into a colourless glass. 

"Barytea and strontian into a grayish 
white enamel. 

" Glucine and Zircon were perfectly melt- 
ed into a white enamel. 

•* Lime, prepared by the calcination of 
Carrara marble, was melted into a per- 
fectly white and brilliant enamel. 

" The splendor of the light was such that 
the eye, when naked, and even when pro- 
tected by deeply coloured glasses, could 
not sustain it. The lime was seen to become 
rounded at the angles, and gradually to 
sink down; and in a few seconds, there re- 
mained only a smallglobular mass. 

** Magnesia was afiected almost exactly 
as lime; the light reflected was equally vi- 
vid; the surface was melted into small vi- 
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iratn ibil of equri dimenftions, and roll 
them together, and place the roll upon 
charcoal, and direct the flame of a candle 
cautiously towards the edg^s of the roll, 
at about a red heat, the two metals will 
combine with a sort of explosive force, 
scattering^ their melted particles off the 
charcoal, and emitting light and heat in a 
▼ery surprising manner. Then there will 
remain upon tne charcoal a film of glass; 
which by further urging the flame towards 
it, will melt into a highly transparent glo- 
bule of^ sapphire blue colour. Also, if the 
platinum and lead be placed beside each 
other, as soon as the platinum becomes 
heated, you will observe a beautiful play of 
blue lignt upon the surface of the lead, be- 
coming highly iridescent before it melts.* 

•Blute (Prussian). A combination of 
oxide of iron with an acid distinguished 
by the name of the ferro-prutnc. See Acid 
(pRussic), and Iron.* 

Blue (Saxon). The best Saxon blue co- 
lour may be given by the following compo- 
sition: 

Mix one ounce of the best powdered in- 
digo with four ounces of sulphuric acid, in 
a glass bottle or matrass, and digest it for 
one hour with the heat of boiling water, 
shaking the mixture at different times: 
then add twelve oimces of water to it, and 
stir the whole well, and when grown cold, 
filter it. 

Mr. Poerher adds one ounce of good dry 
potash at the end of twenty-four hours, and 
lets this stand as much longer, before he 
dilutes it with water. The cloth should be 
prepared with alum and tartar. 

Bog Ores. See Ores or Iron. 

* Bole. A massive mineral, having a per- 

** Platina was not only melted, but vola- 
tilized with strong ebullition. 

" A gfreat number of minerals, such as 
rock crystal, chalcedony, beryl, Peruvian 
emerald, peridot (chrysolite), amphigene 
(leucite), disthdhe (sappare), corundum, 
zircon, spinel-ruby, &c. melted with the 
greatest facility. 

** In subsequent experiments, which Mr. 
Silliman has communicated to us, platina, 
gold, silver, and many other metals were 
not only rapidly vaporized, but entered, at 
the same time, into beautiful and vivid 
combustion. 

" Although the experiments of Mr. Sil- 
liman date in 1813, we have thought that 
they ought to be known upon our conti- 
nent. They demonstrate, on the one hand, 
that Mr. Clarke has been anticipated in 
America, with respect to the fusion of bo- 
dies in the flame of hydrogfen and oxygen; 
»-and on the other, that tlic blow-pipe of 
Hare gives results almost perfectly identi- 
cal with those of Brooke.** 



fectly coneboidal fracture, a glimmering^ 
internal lustre, and a shining streak. Its 
colours are yellow-red, and brownish-black, 
when it is called mountain soap. It is trans- 
lucent, or opaque. Soft, so as to be easily 
cut, and to yield to the nail. It adheres to 
the tongue, has a greasy feel, and falls to 
pieces in water. Sp. gr. 1.4 to 2. It may be 
polished. If it be immersed in Water after 
it is dried, it falls asunder with a crackling 
noise. It occurs in wacke and basalt, in Sm 
lesia, Hessia, and Sienna in Italy, and also 
in the clifts of the Giant's Causeway, Ire- 
land. The black variety is found in the trap 
rocks of the Isle of Sky.* 

BoLOCNiAN Stone. Lemery reports, 
that an Italian shoemaker, named Vincen- 
zo Casciarolo, first discovered the phos- 
phoric property of the Bolognian stone. It 
is the ponderous spar, or native sulphate 
of barytes. 

If it be first heated to ignition, then finely 
powdered, and made into a paste with mu- 
cilage; and this paste, divided into pieces 
a quarter of an inch thick, and dried in a 
moderate heat, be exposed to the heat of a 
wind furnace, by placing them loose in the 
midst of the charcoal; a pyrophorus will be 
obtained, which, after a few minutes' ex- 
posure to the sun's rays, will give light 
enougb in the dark to render the figures 
on the dial-plate of a watch visible. 

*BoLXTic Acid. See Acid (Bole- 
tic).* 

* Boletus. A genus of mushroom, of 
which several species have been subjected 
to chemical examination by M. M. Bracon- 
not and Bouillon La Grange. 

1. Boletus juglancUa, in 1260 parts, yield- 
ed, 1118.3 water, 95.68 fungin, 18 animal 
matter insoluble in alcohol, 12 osmazome, 
7.2 vegetable albumen, 6 fungate of potash, 
1.2 adipocere, 1.12 oily matter, 0.5 sugar 
of mushrooms, and a trace of phosphate of 
potash. 

2. Bolettu laricis, used on the continent 
in medicine, under the name of agaric. It 
is in white, light friable pieces, of which 
the outside is like dark-coloured leather. 
Its taste at first sweetish, soon passes into 
bitterness and acrimony. Its infusion in wa- 
ter is yellowish, sweet-tasted, and reddens 
vegetable blues. Il contains muriate of pot- 
ash, sulphate of lime, and sulphate of pot- 
ash. Water boiled on agaric, becomes gje- 
latinous on cooling; and if the water be dis- 
sipated by evaporation, ammonia is exhaled 
by the addition of lime. Resin of a yellow 
colour, with a bitter sour taste, may be ex- 
tracted from it by alcohol. It yields ben- 
zoic acid, by Sheele's process. The strong 
acids act with energy on agaric, and the 
nitric evolves oxalic acid. Fixed alkalis 
convert it into a red jelly, which emits an 
ammoniacal smelL 
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3. JMrHif igniarim if found in raoit 
countries, and particularly in the Highlaads 
•of Scotland, on the trunka of old ash and 
other trees. The French and Germans pre- 
iMre it abundantly for making tinder^ hy 
boiling in water, diying, beating it, and 
steeping it in a solution of nitre, and again 
drying it. In France it is called amadott^ in 
this country German tinder. It has been re- 
commended in surgery, for stopping he- 
morrhage from wounds. It imparts to wa- 
ter a deep brown colour, and an astrin^nt 
taste. The liquid consists of sulphate of hme, 
muriate of potash, and a brown extractive 
matt^. When the latter is evaporated to 
dryness, and burned, it leaves a good deal 
of potash. Phosphates of lime and mi^e- 
sia, with some iron, are found in the inso- 
luble matter. AlkaUs convert it with some 
dii&culty into a soapy liquid, exhaling am- 
monia. No benzoic acid, and little animal 
matter, are found in this boletus. 

4. B%letwp9eudo4gniariua^ yielded to Bra- 
connot, water, fungin, a sweetish mucilage, 
boletate of potash, a yellow fatty matter^ 
vegetable albumen, a little phosphate of 
potash, acetate of potash, and fungic acid 
combined with a base. 

5. JBoletut vUcidus was found by Bracon- 
not to be composed, in a great measure, of 
an animal mucus, which becomes cohesive 
by heat* 

Bone. The bones of men and quadrupeds 
owe their g^eat firmness and solidity to a 
considerable portion of the phosphate of 
lime which they contain. When these are 
rasped small, and boiled in water, they af- 
ford gelatinous matter, and a portion of fat 
or oiC which occupied their interstices. 

* Calcined human bones, according to 
Berzelius, are composed, in 100 parts, of 
81.9 phosphate of lime, 3 fluate of lime, 10 
lime, 1.1 phosphate of magnesia, 2 soda, and 
2 carbonic acid. 100 parts of bones by cal- 
cination are reduced to 63. Fourcroy and 
Vauquelin found the following to be the 
composition of 100 parts of ox bones: 51 
solid gelatin, 27.7 phosphate of lime, 10 car- 
bonate of lime, and 1.3 phosphate of magne- 
sia; but Berzelius gives the following as 
tlieir constituents; 33.3 cartilage, 55.35 
phosphate of lime, 3 fluate of Ume, 3.85 
carbonate of lime, 2.05 phosphate of mag- 
nesia, and 2.45 soda, with a little common 
salt. 

About l-30th of phosphate of magnesia 
was obtained from the calcined bones of 
fowls, by Fourcroy and Vauquelin. When 
the enamel of teeth, rasped down, is dis- 
solved in muriatic acid, it leaves no albu- 
men, like the other bones. Fourcroy and 
Vauquelin state its components to be, 27.1 
gelatin and water, 72.9 phosphate of lime. 
Messrs. Hatchett and Pep^^s rate its compo- 
sition at 78 phosphate of lime> 6 carbonate 



of lime, and 16 water and loss. Berzelius, 
on the other hand, found only 2 per cent of 
combustible matter in teeth. The teeth of 
adults, by Mr. Pepys, consist of 64 phos- 
phate of lime, 6 carbonate of lime, 20 car^ 
tilage, and 10 water or loss. The fossil 
bones irom Gibraltar, are composed of phos- 
phate of lime and carbo^nate, like burnt 
bones. Much difference of opinion exists 
with regard to the existence of fluoric acid 
in the teeth of animals, some of the most 
eminent chemists taking opposite sides of 
the question. It appears that bones buried 
for many centuries, still retain th^n* albu- 
men, with very little diminution of its quan- 
tity.* 

Fourcroy and Vauquelin discovered phos- 
phate of magniesia in all the bones they exsu 
mined, except human bones. The bones of 
the horse and sheep aiford about l-36tl] of 
phosphate of magnesia; those of fish nearly 
the same quantity as those of the ox. They 
account for this by observing, that phos- 
phate of magnesia is found in the urine of 
man, but not in that of animals, though both 
equallv take in a portion of magnesia with 
their food. 

The experiments of Mr. Hatchett show, 
that the membranous or cartilaginous sub- 
stance, which retains the earthy salts within 
its interstices, and appears to determine the 
shape of the bone, [s albumen. Mr. Hat- 
chett observes, tliat Uie enamel of tooth is 
analogous to the porcellanous shells, while 
mother of pearl approaches in its nature to 
true bone. 

A curious phenomenon with respect to 
bones is the circumstance of their acquiring 
a red tinge,' when madder is given to am- 
mals with their food. The bones of young 
pigeons will thus be tinged of a rose colour 
in twenty-four hours, and of a deep scarlet 
in three days; but the bones of adult ani- 
mals will be a fortnight in acquiring a rose 
colour. The bones most remote from the 
heart are the longest in acquiring this tinge. 
Mr. Gibson informs us, that extract of log- 
wood too, in considerable quantity, will 
tinge the bones of young pigeoiis purple. On 
desisting from the use of this food, how* 
ever, the Colouring matter is again taken up 
into the circulation, and carried off, the 
bones reg^nin^ their natural hue in a short 
time. It was said by Du Hamel, that the 
bones would become coloured and colour- 
less in concentric layers, if an animal were 
fed alternately one week with madder, and 
one week without; and hence he inferred^ 
that the bones were formed in the same 
manner as the woody parts of trees. But he 
was mistaken in the fact; and indeed had it 
been true, with the inference he naturally 
draws from it, the bones of animals must 
have been out of all proportion larger than 
they are at present. 
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* tones' tore of extensire use in the arts. In 
their natural state; or dyed of various co- 
lours, they are made into handks of knives 
and forks, and numerous articles of turnery. 
We have already noticed the manufacture of 
volatile alkali from bones, the coal of which 
forms bone black; or if they be afterwards 
calcined to whiteness in the open air, they 
conistitute the bone ashes, of which cupels 
are made, and which, finely levigated^ are 
Xised for cleaning articles of paste, and some 
ipther trinkets, by the name of burnt harts- 
horn. The shavings of hartshorn, which is 
a species of bone, afford an elegant jelly; 
and the shavings of other bones, of which 
those of the csdf are the best, are often em- 
ployed in their stead. • 

On this principle, Mr. Protast has recom- 
mended an economical use of bones, pard- 
culariy with a view to improve the subsis- 
tence of the soldier. He first chops them 
into small pieces, throws them into a kettle 
4>f boiling water, and lets them boil about 
a quarter of an hour. When this has stood 
till it is cold, a quantity of fat, excellent for 
cuSnary purposes when fresh, and at any 
time fit for making candles, may be taken 
off the liquor. This in some instances 
amounted to an eighth, and in others even 
to a fourth, of the weight of the bones. 
After this the bones may be ground, and 
boiled in eight or ten times their weight of 
Water, of which that already used may form 
a paii^ tin about half is wasted, when a very 
nutritious jelly will be obtained. The boiler 
should not be of copper, as this metal is 
easily dissolved by the jelly; and the cover 
should fit very tight, so that the heat may 
be greater than that of boiling water, but 
not equal to that of Papin's digester, which 
woulci give it an empyreuma. The bones 
of nieat that have been boiled, are nearly as 
productive as fresh bones; but Dr. Yoiing 
found those of meat that had been roasted 
afibrded no jelly, at least by simmering, or 
gentle boiling. 

*BoRAcicAciD. See Acid (BoRACic). 
This acid has been found native on the 
(edges of hot Springs, near Sapo in the terri- 
tory of Florence; also attache^ to specimens 
fh>m the Lipari Islands, and from Monte 
Rotondb, to the west of Sienna. It is in 
small pearly scales, and also massive; fusing 
at the flame of a candle into a glassy glo- 
bule. It consists, by Klaproth's analysis, of 
86 boracic acid, 11 ferruginous sulphate of 
ixianganese, and 3 sulphate of lime.* 

* BoRACTTE. Borate of magnesia. It is 
found in cubic crystals, whose fracture is 
uneven, or imperfectly conchoidal Shining 
greasy lustre; translucent;^ so hard as to 
strike fire with steel; of a yellowish, gray- 
ish, or greenish -white. Sp. grav. 2.56. It 
becomes electric by heat; and the diagon- 
ally-opposite solid angles, are in opposite 



electrieal states. It fuses into a yelloiv^ «&• 
amel« after emitting a greenish light 

Vauquelin's analysis gives, 83.4 boracic 
acid, and 16.6 magnesia. It occurs in gyp- 
sum in the Kalkberg in the duchy of 
Brunswick, and at Segeberg, near Kiel in 
Holstein* 

Borax. The origin of Borax was for a 
long time unknown in Europe. Mr. Grill 
Abrahamson, however, sent some to Swe- 
den in the year 1772, in a crystalline form, 
as dug out of the earth in Thibet, where it 
is called Pounnxa, Mypoun, and Houipoun: 
it is said to have been also found in Saxony, 
in some coal pits. 

It does not appear that borax was knowa 
to the ancients, their chrysocoUa being a 
very different substance, composed of the 
rust of copper, triturated with urine. The 
word borax is found for the first time in 
the works of Geber. 

Borax is not only found in the East, but 
likewise in South America. Mr. Anthony 
Carera, a physician established at Potosi, 
informs us, that this salt is abundantly ob- 
tained at the mines of Riquintipa, and Uiose 
in the neighbourhood of Escapa, where it 
is used by the natives in the fusion of cop- 
per ores. 

The purification of borax by the Vene- 
tians and the Hollanders, was for a long 
time kept secret. Chaptal finds, after tid- 
ing all the processes in the large way, that 
the simplest method consists in boiling the 
borax strongly, and for a long time, with 
water. This solution being filtered, affords 
by evaporation crystals, which are some- 
what foul, but may be purified by repeat- 
ing the operation. 

Purified borax is white, transparent, ra- 
ther greasy in its fracture, aifecting the 
form of six-sided prisms, tei^ninating in 
three-sided or six-sided pyramids. Its taste 
is styptic; it converts sirup of violets to a 
g^en: and when exposed to heat, it swells 
up, boils, loses its water of crystalliza- 
tion, and becomes converted into a porous, 
white, opaque mass, commonly called Cal- 
cined Borax. A stronger heat brings it into 
a state of quiet fusion; but the glassy sub- 
stance thus afforded, which is transparent, 
and of a greenish-yellow colour, is solu- 
ble in water, and eftoresces in the air. It 
requires about eighteen times its weight 
of water to dissolve it at the temperature 
of sixty degrees of Fahrenheit; but water 
at the boiling heat dissolves three times 
this quantity. Its component parts, accord- 
ing to Kirwan, are, boracic acid 34, soda 
17, water 47. For an account of the neu- 
tral borate of soda, and other compounds 
of this acid, see Acid (Boracic). 

Borax is used as an excellent fiux in do- 
cimastic operations. It enters into the com- 
position of reducing fluxes, and is of the 
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l^veatett ttie in uial^a by the liom^fipb. 
It may be applied with advantage in glass 
manufactories; for when the fusion turns 
out bad, a small quantity of borax re<es» 
tablishes it. It is more especially used in 
soldering; it assists the fusion of the spi- 
der, causes it to flow, and keeps the sur- 
face of the metals in a soft or clean state, 
which facilitates the operation. It is sctfce^ 
ly of any use in medicine. Its acid, called 
Sedaiive Salt, is used by some physicians^ 
and its name suiiiciently indicates its sup- 
posed effects. Mixed with shell lac, in the 
proportion of one part to five, it renders 
the lac soluble by digestion in water heat- 
ed near boiling. 

* BoROM. The combustible basis of bo- 
racic acid, which see.* 

* Botany Bjly Resin exudes spon- 
taneously from the trunk of the acardt re- 
unifera of New Holland, and also from the 
wounded bark. It soon solidifies by the sun, 
into pieces of a yellow colour of various 
sizes. It pulverizes easily without caking; 
nor does it adhere to the teeth when chew- 
ed. It has a slightly sweet astringent taste. 
It melts at a moderate heat When kindled, 
it emits a white fragrant smoke. It is inh 
soluble in water, but imparts to it the fla- 
vour of storaX. Out of nine parts, six are 
soluble in water, and astringent to the taste; 
and two parts are woody fibre.* 

' * fioTRTOLiTE is a minor&l which oc- 
curs in mamillal7 concretions, formed of 
concentric layers; and also in botryoidal 
masses, white and earthy. Its colour is 
pearl and yellowish-gray, with sometimes 
reddish-white concentric stripes. It has- a 
rough and dull surface, and a pearly lus- 
tre internally. Fracture delicate stellular 
fibrous. Translucent on the edges. Brittle, 
but moderately hard. Sp. grav. 2.85. It is 
composed of 36 silica, 39.5 boracic acid, 
13-5 lime, 1 oxide of iron, 6.5 water. It 
froths and fuses before the blow-pipe into 
a white glass. It is found in a bed of gneiss, 
near Arendahl in Norway. It is regarded 
by some as a variety of Datholite.* 

^BouRNONiTE. An antimonial sulphuret 
-of lead.* 

BovEY Coal. This is of a brown or 
brownish-black colour; and lamellar tex- 
ture; the laminae are frequently flexible 
when first dug, though generally they 
harden when exposed to the air. It con- 
sists of wood penetrated with petroleum 
or bitumen, and frequently contains py- 
rites, alum, and vitriol; its ashes aflbrd a 
small quantity of fixed alkali, according to 
tlie German chemists; but according to Mr. 
Mills, they contain none. By distillation it 
yields an ill-smelling liquor, mixed with 
volatile alkali and oil, part of which is so- 
luble in alcohol, and part insoluble, beii^ 
of a mineral nature. 



It IS finwd in ERi^ad, Frsnee, Itidy, 
Switzerland, Germmny, Iceland, &c. 

* BoYLs's Fuming ttiQjuosu Hydro- 
guretted sulphuret of ammonia.* 

Beain ov Animals. The brain ha» long 
been known to anatomists; but it is only of 
hrte yeai's that chemists have paid it any at- 
tention. It is a soft white substance, of a 
pulpy saponaceous feel, and little or no 
smell. Exposed to a gentle heat, it loses 
moisture, shrinks to about a fourth of its 
original bulk, and becomes a tenacious 
mass of a greenish-brewn colour. When 
completely dried, it becomes solid, and. fri- 
able like old cheese. Exposed to a strong 
heat, it gpives out ammonia, swells up, 
melts into a black pitchy mass, takes fire, 
bums with mudi flame and a. thick pun- 
gent smoke, and leaves a coal difficult of 
incineration. ^ 

In its natural state, or moderately dried, 
it readily forms an emulsion by trituration 
with water, and is not separated by filtra- 
tion. This solution lathers like soap-suds, 
but does not turn vegetable blue colours 
green. Heat throws down the dissolved 
brain in a flocculent form, and leaves an al- 
kaline phosphate in solution. Acids se- 
parate a white coagulum from it; aod form 
salts with bases of lime, soda, and ammo- 
nia. Alcohol too coagulates it. 

Caustic fixed allcaUs act very powerfully 
on brain even cold, evolving much ammo- 
nia and caloric. With heat they unite with 
it into a saponaceous substance. 

The action of alcohol on brain is roost 
remarkable. When Fourcroy treated it four 
times in succession with twice its weight 
of well rectified alcohol, boiling it a quarter 
of an hour each time, in a long-necked ma^ 
trass with a grooved stopple, the three first 
portions of sdcohol, decanted boiling depo- 
sited by cooling brilliant laminae of a yel- 
lowish-white colour, diminishing in quan- 
tity each time. The fourth deposited very 
little. The cerebral matter had lost 5.8ths 
of its weight; and by the spontaneous de- 
position, and the subsequent evaporation 
of the alcohol, half of this was recovered 
in needly crystals, large scales, or granu- 
lated matter. The other half was lost by 
volatilization. This crystallized substance, 
of a fatty appearance, was agglutinated in- 
to a paste under the finp;er; but did not 
melt at the heat of boihng water, being 
merely softened. At a higher temperature 
it suddenly acquired a blackish-yellow co- 
lour, and exhaled during fusion an ein- 
pyreumadc and ammoniacal smell. This 
shows that it is not analogous to sperma- 
ceti, or to adipocere; but it seems more to 
resemble the fat lamellated crystals con- 
tained in some biliary calculi, which, how- 
ever, do not soften at a heat of 234^ F. or 
become amimmiacal ftnd empyreuowtic »t 
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this tempmlurey w ib» cty$UlliB« cere. 
bral oil does.. 

A portion of this concrete oil, separated 
from the alcohol hy evaporation in the sun,, 
formed a gfranulated pellicle on its 8iu*face, 
of a consistence resembling that of soft 
soap. It was.of a yellower colour than the. 
former, and had a marked smell of animal 
extract, and a perceptible saline taste. It 
was diifusihle in water, gave it a milky ap- 
pearance^ reddened litmus paper, and did 
not become really oily, or fusible after the ' 
manner of an oil, till it had given out am.^ 
mohia, and deposited carbon, by tlie action 
of fire or caustic alkalis. 

A. similar action of alcphol on the brain. 
pierves^ and apin||l marrow, is observed af- 
ter long maceration in it cold, when they 
Are kept as anatomical preparations. 

* Vauquelin analyzed the brain and found 
the following constituents in 100 parts: 80 
water, 453 white fatty matter, 0.7 4-eddish 
fatty matter, 7. albumen, 1.13 osmazome, 
1.5 phosphorus, 5.15 acids, salts, and suU 
phur. The medulla oblongata and nerves 
iuve the same chemical composition.* 

The spontaneous change that brain un- 
dergoes in certain situations, has already 
been noticed under the article Adipo- 

Brandt. This well known fluid is the 
spirit distilled from wine. The greatest 
4]tiantities are made iu L«ng^edoc^ where 
this nuinufacture, upon the whole so pernir 
cious to society, first commenced. It is ob- 
tained by. distillation in. the usual method, 
by a still, which contains five or six quinr 
tals of wine, and has a capital and worm 
tube applied. Its peculiar flavour depends, 
no doubt, on the nature of the volatile prin- 
ciples, or essential oil, which come over 
along with it, and likewise, in some mea- 
sure, upon the management of the lire, the 
wood of the cask in which it is kept, &c. 
It is said, tl)at our rectifiers imitate the 
flavour of brandy, by adding a small pro- 
portion of nitrous ether to the spirit of malt 
or molasses. See Alcohol.. 

BxAss. An elegant yellow-coloured com- 
pound metal, consisting of copper com- 
bined with about one-third of its weight of 
zinc The best brass is made by cementa- 
tion of calamine, or the ore of zinc, with 
granulated copper. See Copper* 

BRASSica Rubra. The red cabbage af- 
fords a very excellent test both for acids 
and alkalis; in which it is superior to lit- 
mus, being naturally blue, turning green 
with alkalis, and red with acids. * The 
minced leaves may be dried before the fire 
till they become quite crisp, when they 
ought to be put into a bottle, and corked 
up. Hot water poured on a little of the dried 
leaves, affords an extemporaneous test 
Hiquor for acids s|i4 aUulis. Th^e purple 
Vot. I. 



petalf^ of violets may be preserved in dm 
same wayi as well as those of the pinl^ 
coloured lifchnia, and scarlet rose.* 

Brazil Wood. The tree that affordf 
this wood, the c«salpina crista, is of the 
growth of the Brazils in South America^ 
and also of the Isle of France, Japan, and 
elsewhere. It is cliiefly used in the process 
of dyeing. The wood is considerably hard, 
is capable of a good polish, and is so heavy 
tliat it sinks in water. Its colour is pale 
when newly cut, but it becomes deeper by 
exposure to the air. The various specimens 
differ in the intensity of their colour; but 
the lieaviest is reckoned the most valuable* 
It has a sweetish taste when chewed, and 
is distinguished from red Sanders, or san- 
dal, by its property of giving out its colour 
with water, which this last does not. 

If the brazil wood be boiled in water for 
a suificjent time, it communicates a fine red 
colour to that fluid. The residue is. very 
dark coloured, and gives out a considerable 
portion of colouring matter to a solution of 
alkali. Alcohol extracts the colour from 
brazil wood, as does likewise the volatile 
alkali; and both these are deeper than the 
aqueous solution. The spirituous tincture, 
according to Dufay, stains warm marble of 
a purplish red, which on increasing the 
heat becomes violet; and if the stained mar* 
ble be covered with wax, and considerably 
heated, it changes through all the shades 
of brown, and at last becomes fixed of a 
chocolate colour. 

• The colours imparted to cloth by brazil 
wood are of little permanence. A very mi- 
nute portion of alkali, or even soap darkens 
it into purple. Hence paper stained with it 
may be used as a test of saturation with the 
salts. Alum added to the decoction of this 
wood, occasions a fine crimson-red precipi- 
tate, or lake, which is increased in quantity 
by the addition of alkali to the liquor. The 
crimsonpTed colour is also precipitated by 
muriate of tin; but it is darkened by the 
salts of iron. Acids change it to yellow, 
from which, however, solution of tin re- 
stores it to its natural hue. The extract of 
brazil wood reddens litmus paper, by de- 
priving it of the alkali which darkens it.* 

Bread. I am not acquainted with any 
set of experiments regularly instituted and 
carried into eflfect, for ascertaining what 
happens in the preparation of bread. Fari- 
naceous vegetables are converted into meal 
by trituration, or grinding in a mill, and 
when the husk or bran has been separated 
by siding or bolting, the powder is called 
flour. This is composed of a small quantity 
of mucilaginous saccharine matter, solu- 
ble in cold water, much starch, which is 
scarcely soluble in cold water, but com- 
bines with that fluid by heat, and an adhe- 
f»ive gray substance insoluble in watery «1- 
26 . 
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0O6OI9 oil. Of ether, and resemblingf an ani- 
mal substance in many of its properties. 
See WHBA.T, STAacH, Guuten (Vege- 
table), Mucilage. 

When flour is kneaded together with 
water, it forms a tough paste, containing 
these principles very little altered, and not 
easily digested by the stomach. The action 
of heat produces a considerable change in 
the gluten, and probably in the starch, ren- 
dering the compound more easy to masti- 
cate, as well as to digest. Hence the first 
approaches towards the making of bread 
consisted in parching the corn, either for 
immediate use as food, or previous to its 
trituration into meal; or else in baking the 
flour into unleavened bread, or boiling it 
into masses more or less consistent; of all 
which we have sufficient indications in the 
histories of the earlier nations, as well as in 
the various practices of the moderns. It ap- 
pears likewise from the Scriptures, that the 
practice of making leavened bread is of 
very considerable antiquity; but the addi- 
tion of yeast, or the vinous ferment, now 
60 generally used, seems to be of modem 
date. 

Unleavened bread in the form of small 
cakes, or biscuit, is made for the use of 
shipping in large quantities; but most of 
the bread used on shore is made to under- 
go, previous to baking, a kind of ferment- 
ation, which appeal's to be of the same na- 
ture as the fermentation of saccharine sub- 
stances; but is checked and modified by so 
many circumstances, as to render it not a 
little difficult to speak with certainty and 
precision respecting it. See Fermenta- 
tion. 

When dough or paste is left to undergo 
a spontaneous decomposition in an open 
vessel, the various parts of the mass are 
differently affected, according to the hu- 
midity, the thickness or thinness of the 
part, the vicinity or remoteness of fire, and 
other circumstances less easily investigated. 
The saccharine partis disposed to become 
converted into alcohol, the mucilage has a 
tendency to become sour and mouldy, while 
the gluten in all probability verges toward 
the putrid state. An entire change in the 
chemical attractions of the several compo- 
nent parts must then take place in a pro- 
l^ressive mann^, not altogether the same 
m the internal and more humid parts as in 
the external parts, which not only become 
dry by simple evaporation, but are acted 
upon by the surrounding air. The outside 
may therefore beconfie mouldy or putrid, 
while the inner part may be only advanced 
to an acid state. Occasional admixture of 
the mass would of course not only produce 
tome change in the rapidity of this altera- 
ti6n, but likewise render it more uniform 
throughout the whole. The effect of this 



eommenctng fermentation is found to be, 
that the mass is rendered more digestible 
and light; by which last expression it is 
understood, that it is rendered much more 
porous by the disengagement of elastic 
fluid, that separates its parts from each 
other, and greatly increases its bulk. The 
operation of baking puts a stop to this pro- 
cess, by evaporating great part of the raois* 
ture which is requisite to favour the che- 
mical attraction, and probably also by still 
farther changing the nature of the compo* 
nent parts. It is then bread. 

Bread made according to the preceding 
method will ■ not possess the uniformity 
which is requisite, because some parts may 
be mouldy, while others «|re not yet suffi- 
ciently changed from the state of dough. 
The same means are used in this case as 
have been found effectual in promoting the 
uniform fermentation of large masses* This 
consists in the use of a leaven or ferment, 
which is a small portion of some matter of 
the same kind, but in a more advanced 
stage of the fermentation.^ After the leaven 
has been well incorporated by kneading 
into fresh dough, it not only brings on the 
fermentation with greater speed, but causes 
it to take pUce in the, whole of the mass at 
the same time; and as soon as the dough 
has by this means acquired a due increase 
of bulk from the carbonic acid, which en- 
deavours to escape, it is judged to be suffi- 
ciently fermented, and ready fi>r the oven. 

The fermentation by means of leaven or 
sour dougli is thought to be of the acetous 
kind, because it is generally so managed 
that the bread has a sour flavour and taste. 
But it has not been ascertained that this 
acidity proceeds from true vinegar. Bread 
raised by leaven is usually made of a mix- 
ture of wheat and rye, not very accurately 
cleared of the bran. It is distinguished by 
the name of rye bread; and the mixture of 
these two kinds of grain is called bread- 
corn, or meslin, in many parts of the king- 
dom, where it is raised on one and the 
same piece of ground, and passes through 
all the processes of reaping, Uireshing, 
grinding, &c. in this mixed state. 

Yeast or barm is used as the ferment for 
the finer kinds of bread. This is the muci- 
laginous froth which rises to the surface 
of beer in its first stage of fermentation. 
When it is mixed with dough, it produces 
a much more speedy and effectual ferment- 
ation than that obtained by leaven, and the 
bread is accordingly much lighter, and 
scarcely ever sour. The fermentation by 
yeast seems to be almost certainly of the 
vinous or spirituous kind. 

Bread is much more uniformly miscible 
with water than dough; and on this circum- 
stance its good qualities moat probably do 
ia a great measure depend. 



BRE 



BRS 



- A very great number of processes are 
used by cooks, confectioners, and others, 
to make cakes, puddings, and other kinds 
of bread, in which dimrent qualities are 
required. Some cakes are rendered brittle, 
or as it is called shorty by an admixture of 
sugar or of starch. Another kind of brittle- 
ness is given by the addition of butter or 
i^t. White of e^^^ gum-water, isinglass, 
and other adhesive substances, are used, 
when it is intended that the effect of fer- 
mentation shall expand the dough into an 
exceedingly porous mass. Dr. Percival has 
reeommended the addition of salep, or the 
nutritious powder of the orchis root. He 
says, that an ounce of salep, dissolved in 
a quart of water, and mixed with two 
pounds of flour, two ounces of yeast, and 
eighty grains of salt, produced , a remark- 
ably good loaf, weighing three pounds two 
ounces; while ^a loaf made of an equal 
quantity of the other ingredients, witliout 
the salep, weighed but two pounds twelve 
ounces. If the salep be in too large quan- 
tity, however, its peculiar taste will be dis- 
tinguishable in the bread. The farina of 
potatoes likewise, mixed with wheaten 
flour, makes very good bread. The reflect- 
ing chemist will receive considerable in- 
Ibrmation on this subject from an attentive 
inspection of the receipts to be met with 
in treatises of cooking and confectionary. 

* Mr. Aocuro, in his late Treatise on Cu- 
linary Poisons, states, that the inferior 
kind of flour which the London bakers ge- 
nerally use for making loaves, I'equires the 
addition of alum to gfive them the white 
appearance of bread made from fine flour. 
*• The baker's flour is very often made of 
the worst kinds of damaged foreign wheat, 
and other cereal grains mixed with them in 
grindingthe wheat into flour. In this capital, 
no fewer than six distinct kinds of wheaten 
flour are brought into the market. They 
are called fine flour, seconds, middlings, 
fine middlings, coarse middlings, and twen- 
ty-penny flour. Common garden beans and 
peas are also frequently ground up among 
the London bread flour. 

" The smallest quantity of alum that can 
be employed with eflect to produce a white, 
light, and porous bread from an inferior 
kind of flour, I have my own baker's au- 
thority to state, is from three to four ounces 
to a sack of flour weighing 240 pounds." 

** The following account of making a sack 
or five bushels of flour into bread, is taken 
from Dr. P. Markham's considerations on 
the ingredients used in the adulteration of 
flour and bread, p. 31. 

Fiv^ bushels of flour. 

Eight ounces of aium, 

Four lbs. salt, 

Haifa gallon of yeast mixed with abowt 

Three gallons of water. 



''Another substance employed by fra^r 
dulent bakers is subcarbonate of ammonia. 
With this salt they realize the important 
consideration of producing light and por- 
ous bread from spoiled, or what is techni- 
cally called tour flour. This salt, which be- 
comes wholly converted into a gaseous 
substance during the operation of baking, 
causes the ^ough to swell up into air bub- 
bles, which carry before them the stiff 
dough, and thus it renders the dough por- 
ous; the salt itself is at the same time to- 
tally volatilized during the operation of 
baking." — " Potatoes are likewise largely, 
and perhaps constantly used by fraudulent 
bakers, as a cheap ingredient to enhance 

their profit." " There are instances of 

convictions on record, of bakers having 
used gypsum, chalk, and pipe-clay, in the 
manufacture of bread." 

Mr. E. Davy, Prof of Chemistry at th« 
Cork Institution, has made experiments, 
showing that from twenty to forty grains 
of common carbonate of magnesia, well 
mixed with a pound of the worst new tc 
conds flour, materially improved the qua- 
lity of tlje bread baked with it. 

The habitual and daily introduction of 
a portion of alum into the human stomachy, 
however small, must be prejudicial to the 
exercise of its functions, and particularly 
in persons of a bilious and costive habit. 
And besides, as the best sweet flour never 
stands in need of alum, the presence of 
this salt indicates an inferior and highly 
acescent food; which cannot fail to aggra- 
vate dyspepsia, and which may generate a 
calculous diathesis in the urinary organs. 
Every precaution of science and law ought 
therefore to be employed to detect and 
stop such deleterious adulterations. Bread 
may be analyzed for alum by crumbling it 
down when somewhat stale in distilled wa- 
ter, squeezing the pasty mass through a 
piece of cloth; and then passing the liquid 
through a paper filter. A limpid infusion 
will thus be obtained. It is difficult to pro- 
cure it clear if we use new bread or hot 
water. A dilute solution of muriate of ba- 
rytes dropped into the filtered infusion, 
will indicate by a white cloud, more or less 
heavy, the presence and quantity of alum. 
I find that genuine bread gives no precipi- 
tate by this treatment. The earthy adulte- 
rations are easily discovered by incinerat- 
ing the bread at a, red heat in a shallow 
earth vessel, and heating the residuary 
ashes with a little nitrate of ammonia. The 
earths themselves will then remain, charac- 
terized by their whiteness and insolubility. 

The latest chemical treatise en the art of 
making bread, except the account given by 
Mr. Accum in his work on the adulterations 
of food, is the article Baking in the Supple- 
ment to the Encyclopaedia Britannica,-*- 
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Urofk adorned by the dissertationa of ftiot, wi^iii a few periods to lediioe the adttlte^ 

Brande, Jeffrey, Lesley, Playfair, and Stew- ration to one ounce? 

That this voluntary abstraction of -It of 
the alum, and substitution of superior and 
more expensire flour, is not expected by 
him from the London bakers, is sufficiently 
evident from the following^ story: It would 
appear that some of his friends had invent- 



Under ProcesB of Baking we have the 
following statement: " An ounce of alum is 
then dissolved over the fire in a tin pot, and 
the solution poured into a largfe tub, call- 
ed by the bakers the seaaomnj^'iub. Pour 
pounds and a half uf salt are likewise put ed'a new yeast for fermenting^ dough by 



into the tub, and a pailful of hot water,' 
Note on this passage- — " In liondon, where 
the goodness of bread is estimated entirely 
by its whiteness, it is usual with those 
bakers who employ flour of an inferior 
quality to add as much alum as common 
salt to the dough. Or in other words, the 
quantity of salt added is diminished one« 
half, and the deficiency supplied by an 
equal weight of alum. This improves the 
look of the bread very much, rendering it 
much whiter and firmer." 

In a passage which we shall presently 



mixing a quart of beer barm with si paste 
made of ten pounds of flour and two gal- 
lons of boiling water, and keeping this 
mixture warm for six or eight hours. 

" Yeast made in this way," says he, *' mi^ 
swers the purposes of the baker mucli bet- 
ter than l^rewer*s yeast, because it is clear- 
er, and free from the hop mixture, which 
sometimes injures the yeast of the brewer. 
Some years ago the bakers of London, sen- 
sible of the superiority of this artificial 
yeast, invited a company of manufacturers 
from Glasgow to establish a manufactory 



quote, our author represents the bakers of of it in London, and promised to use no 



London joined in a conspiracy to supply 
the citizens with bad bread. We may hence 
infer, that the full allowance he assigns of 
. 2i pounds of alum for every 2i pounds of 
salt, will be adopted in converting a sack 
of flour into loaves. But as a sack of flour 
weighs 280 pounds, and furnishes on an 
average 80 quartern loaves, we have 3i 

pounds divided by 80^ or = 

197 grains, for the quantity present by this 
writer in a London quartern loaf. Yet in 
the very same page (39th of volume 2d) 
Ive have the following passage: " Alum is 
not added by all bakers. The writer of this 
article has been assured by several bakers 
of respectability, both in Edinburgh and 
Glasgow, on whose testimony he relies, and 
who made excellent bread, that they never 
employed any alum. Tlie reason for ad- 
ding it given by the London bakers is, that 
it renders the bread whiter, and enables 
them to separate readily the loaves from 
each other. This addition has been alleged 
by medical men, and is considered by the 



other. About 5000/. accordingly were laid 
out on buildings and materials, and the 
manufactory was begun on a considerable 
scale. The ale brewers, finding th'cKr yeasty 
for which they had drawn a good price, lie 
heavy on their hands, invited all the jour- 
neymen bakers to their cellars, gave them 
their full of ale, and promised to regale 
them in that manner every day, provided 
they would force their masters to take all 
their yeast from the ale brewera. The jour- 
neymen accordingly declared in a hodiff 
that they would work no more for their 
masters unless they gave up taking any 
more yeast from the new mahufactory. The 
masters were obliged to comply; the new 
manufactory was stopped; and the inhabi-^ 
tantt of London -were obliged to comtinue to 
eat worite bread, became it "wae the intereH 
of the ale brewers to sell the yeasts Such 
is the influence of journeymen bakers in 
the metropolis of England!" 

This doleful diatribe seems rather ex- 
travagant; for surely beer^yeast can derive 
nothing noxious to a porter^rinking peo* 
community at large as injurious to the pie, from a slight impregnation of hops; 
Jhealth, by occasionmg constipation. But if while it must iorm probably a more ener- 
we consider the small quantity of this Salt getic ferment than the fermented paste of 
added by the baker, not quite b^ grains to the new company, which at any rate could 
a quartern loaf, we will not readily admit be prepared in six or eight hours by any 
these allegations. Suppose an individual to baker who found it to answer his purpose 
eat the seventh part of a quartern loaf a* of making a pleasant eating bread. But it 
day, he would only si^allow eight-tenths of is a very serious thing for a lady or gentle- 
a grain of alum, or in reality not quite so man of sedentary habits, or infirm consti- 
much as half a grain, for one-half of this tution, to haVc their digestive process daily 



salt consists of water. It seems absurd to 
suppose that half a grain of alumj swal- 
lowed at different times during the course 
of a day, should occasion constipation.*' 
Is it not more absurd to state 2i pounds. 



vitiated by damaged flour, whitened with 
197 grrains of alum per quartern loaf. Aci- 
dity of stomach, indigestion, flatulence, 
headsches, palpitation, costiveness, and 
urinary calcidus, may be the probable Con- 



or 36 ounces, as the alum adulteration of sequences of the habitual introduction of 
a sack of fiuur by the London bakers, and so much aciduhms and acescent matter. 
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t lla»e made Hltny experhnent* on bretid, 
httd have found the proportion of alum very 
Variable. Its quantity seems to be propor- 
tional to the badness of the flour; and hence 
When the best flour is used, no alum need 
be introduced. That alum is not necessary 
for giving bread its utmost beauty, spongi- 
ness, and agpreeableness of taste, is un* 
doubted, since the bread baked at the esta- 
blishment of Mr. Harky of Willowbank, 
Glasgow, in Which about 20 tons of flour 
are converted into loaves in the course of 
a week, unites every quality of appearance, 
with an absolute freedom from that acido- 
astringent drug. He uses six pounds of 
salt for every sack of fl#ur; which from its 
good quality generally aflbrds 83 or 84 
quartern k>aves of the legal weight, of four 
pounds five ounces and a half each. The 
loaves lose nine ounces in the oven. For an 
account of the constituents of wheat flour, 
see Whbat.* 

Brkccia. An Italian term, frequently 
used by our mineralogtcal writers to de- 
note such compound stones as are com- 
posed of agglutinated fragments of consi- 
derable size. When the agglutinated parts 
are rounded, the stone is called pudding- 
stone. Breccias are denominated according 
to the nature of their component parts. 
Thus we have calcareous breccia, or mar- 
bles, and siliteous breccias, which are still 
more minutely classed, according to their 
Varieties. 

Babwino. See Bebr, Alcohol, and 
Fkrmbntation. 

Brick. Among the numerous branches 
of the general art of fashioning argillaceous 
earths into useful forms, and aflerward har- 
dening them by fire, the art of making 
bricks and tiles is by no means one of the 
least useful. 

Common clay is scarcely ever found in a 
state approaching to purity on the surface 
of the earth. It usually contains a large pro- 
portion of siliceous eailh. Bergmann exa- 
mined several clays in the neighbourhood 
of Upsal, and made bricks, which he baked 
with various degrees of heat, suffered them 
to eool, immersed them in water for a con- 
siderable time, and then exposed them to the 
open air for three years. They were formed 
of clay and sand. The hardest were those 
into the composition of which a fourtli part 
of sand had entered. Those which had been 
exposed for the shortest time to the fire 
wei*e almost totaUy destroyed, and crum- 
bled down by the action of the air; such 
as had been more thoroughly burned suf- 
fered less damage; and in those which had 
been formed of clay alone, and were half 
vitrified by the heat> ho change whatevei^ 
Was produced. 

On the whole he observes, that the pro^ 
|K>rtion of sand to be used to any clay, in 



makiTf^ bricks, must be greater th^ tD6tt 
such clay is found to contract in burning; 
but that the best clays are those which need 
no sand. Bricks should be well burned; 
but no vitrification is necessary, when they 
can be i*endered hard enoug;fi by the mere 
action of the heat. Where a vitreous crust 
might be deemed necessary, he recom- 
mends the projection of a due quantity of 
salt into the furnace, which would produce 
the effect in the same manner as is seen in 
the fabrication of the English pottery call- 
ed stone-ware. 

A kind of bricks called fire-bricks are 
made from slate-clay, which are very hard, 
heavy, and contain a large proportion of 
sand. These are chiefly used in the con- 
struction of furnaces for ateam-engines, or 
other large works, and in lining the ovens 
of glass-houses, as they will stand any de- 
gree of heat. Indeed they should always be 
employed where fires of any intensity aref 
required. 

• BrIcks (Floating). Bricks, that 
swim on water, were manufactured by the 
ancients; and Fabbroni discovered some 
years since a substance, at Castel del Pi- 
ano, near Santa Fiora, between Tuscany 
and the States of the Church, from which 
similar bricks might be made. It consti- 
tutes a brown earthy bed, mixed with the 
remains of plants. Haiiy calls it talc putoe* 
nilent siHcifire^ and Brocbant considers it 
as a variety of meerachattm. The Germans 
name it bergmehl^ (mountain meal), and the 
Italians latte di luna, (moon milk). By Klap« 
roth's analysis, it consists of 79 silica, 5 
alumina, 3 oxide of iron, 12 water, and 1 
losSj in 100 parts. It agrees nearly in com<* 
position with Kieaelgtihr,* 

Brimstone. See Sulphur. 

• Brionia AbSA. A root used in medi« 
eine. By the analysis of Vauquelin, it is 
found to consist in a great measure of 
starch, with a bitter principle, soluble in 
water and alcohol, some giim, a vegeto^ 
animal matter, precipitable by infusion of 
galls, some woody fibre, a little sugar, and 
supermalate and phosphate of lime. It has 
cathartic powers; but is now seldom pre- 
scribed by physicians.* 

Brocatello. a calcareous stone or 
marble, composed of fragments of four co 
lours, white, g^ay, yellow, and red. 

Bronze. A mixed metal, consisting 
chiefly of copper, with a small proportion 
of tin, and sometimes other metals. It is 
used for casting statues, cannon, bells, and 
other articles, in all which the proportions 
of the ingredients vary. 

• Bronxitb. This massive mineral has 
a pseudo-metallic lustre, frequently resem- 
bling bronze. Its colour is intermediate 
between yellowish-brown an4 pinchbeck- 
brown. Lustre shining; structure lamella' 
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iHth jointsy ptnllel to the lateral planes 
of a rbomboidal priam; the fragpnenta are 
fltreaked on the aurface. It is opaque in 
mass, but transparent in thin plates. White 
streak; somewhat hard, but easily broken. 
Sp. grav. 3.2- It is composed of 60 silica, 
2r.5 magnesia, 10 5 oxide of iron, and 0.5 
water. It is found in large masses in beds 
of serpentine^ near Kranbat, in Upper Sti- 
ria; and in a syenitic rock in Glen Till, in 
Perthshire.* 

• Brown Spar. Pearl Spar, or Sidero- 
calcite. It occurs massive, and in obtuse 
rhomboids with curvilinear faces. Its co- 
lours are white, red, and brown, or even 
pearl-grar and black. It is found crystal- 
lized in flat and acute double three-sided 
pyramids, in oblique six-sided pyramids, 
in lenses and rhombs. It is harder than 
calcareous spar, but yields to the knife. 
Its external lustre is shining, and internal 
pearly. Sp. gr. 2.88. Translucent, crystals 
semi-transparent; it is easily broken into 
rbomboidal fragments. It effervesces slow- 
ly with acids. It is composed of 49.19 car- 
bonate of- lime, 44.39 carbonate of magne- 
sia, 3.4 oxide of iron, and 1.5 manganese, 
by Histnger's analysis. Klaproth found 33 
carbonate of magnesia, 7^5 carbonate of 
iron, 2 carbonate of manganese, and 51. S 
carbonate of lime. There is a variety of this 
mineral of a fibrous texture, flesh-red co- 
lour, and massive.* 

• Brucia, or Brucinb. A new vegeta- 
ble alkali, lately extracted from the bark 
of the false angustura, or Brucea antidy' 
tenterica^ by M.M. Pelletier and Caventou. 
After being treated with sulphuric ether, 
to get rid of a fatty matter, it was subjec- 
ted to the action of alcohol. The dry resi- 
duum from the evaporated alcoholic solu- 
tion, was treated with Goulard's extract, 
or solution of sub-acetate of lead, to throw 
down the colouring matter, and the excess 
of lead was separated by a current of sul- 
phuretted-hydrogen. The nearly colourless 
alkaline liquid was saturated with oxalic 
acid, and evaporated to dryness. The sa- 
line mass being freed from its remaining 
colouring particles, by absolute alcohol, 
was then decomposed by lime or magne- 
sia, when the brucia was disengaged. It 
was dissolved in boiling .alcohol, and ob- 
tained in crystals, by the slow evaporation 
of the liquid. These crystals, when ob- 
tained by very slow evaporation, ai*e ob- 
lique prisms, the bases of which are par- 
allelograms. When deposited from a satu- 
rated solution in boiling water, by cooling, 
it is in bulky plates, somewhat similar to 
boracic acid in appearance. It is soluble 
in 500 times its weight of boiling water, 
and in 850 of cold. Its solubility is much 
increased by the colouring matter of the 
bark. 



Its taste is exceedingly bitter, acrid, isid 
durable in the mouth. When administered 
in doses of a few grains, it is poisonous, 
acting on animals like strychnia, but much 
less violently. It is not affected by the air. 
The dry crystals iiise at a temperature a 
little above that of boiling water, and as^ 
sume the appearance of wax. At a strong 
heat, it is resolved into carbon, hydrogen, 
and oxygpen; without any trace of azote. It 
combines with the acids, and forms both 
neutral and super-salts. Sulphate 'of bru- 
cia crystallizes in long slender needles, 
which appear to be four-sided prisms, ter- 
minated by p3rramtds of extreme fineness. 
It is very soluble in water, and moderatriy 
in alcohol. Its taste is very bitter. It is de- 
composed by potash, soda, ammonit» ba- 
rjrtes, strontit^s, lime, magnesia, morphia, 
and strychnia. The bi sulphate crystallizes 
more readily than the neutral sulphate. 
The latter is said to be composed of 
Sulphuric acid, 8.84 5 

Brucia, 91.16 51.582 

Muriate of brucia forms in four-sided 
prisms, terminated at each end by an ob- 
lique face. It is pei*manent in the air, and 
very soluble in water. It is decomposed by 
sulphuric acid. Concentrated nitric acid 
destroys the alkaline basis of both these 
salts. The muriate consists of 

Acid, 5.953 4.575 

Brucia, 94.046 72.5 

Phosphate of brucia, is a crystallizable, 
soluble, and slightly efflorescent salt. The 
nitrate forms a gummy-looking mass; the 
bi nitrate ci^stallizes in acicular four-sided 
prisms. An excess of nitric acid decom- 
poses the brucia, into a matter of n fine 
red colour. Acetate and oxalate of brucia 
both crystallize. Brucia is insoluble in sul- 
phuric ether, the fixed oils, and very 
slightly in the volatile oils. When admin- 
istered internally, it produces tetanus, and 
acts upon the nerves without affecting the 
brain, or the intellectual faculties. Its in- 
tensity is to that of strychnia, as 1 to 12. 
From the discrepancies in the prime num- 
ber for brucia, deduced from the above 
analyses, we see that its true equivalent re- 
mains to be determined. See Journal de 
Pharmacie, Dec, 1819.* 

Brunswick Green. This is an aromo- 
niaco-muriate of copper, much used for 
paper-hangings, and on the continent in oil 
painting. See Copper. 

* BuNTKuPFERZ. Pufplc coppcr orc.* 

Butter. The oily inflammable part of 
milk, which is prepared in many countries 
as an article of food. The common mode 
of preserving it is by the addition of salt, 
which will keep it good a considerable 
time, if in sufficient quantity. Mr. £aton 
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iaforms'^us^ in bis Surrey of the. Turkish 
Empire, that most of the butter used at 
ConstantiQople is brou|?ht from the Crimea 
and Kirban, and that it is kept sweet, by 
melting it while fresh over a very slow fire, 
and removing the scum as it rises. He adds 
that by melting butter- in the Tartarian 
manner, and then salting it in ours, he kept 
it good and fine-tasted for two years; and 
that thia melting if carefully done, injures 
neither the taste nor colour. Thenard, too, 
recommends the Tartarian method. He di- 
rects the melting to be. done on a water- 
bath, or at a heat not exceeding 180° F.; 
and to be continued till all the caseous 
matter has subsided to the bottom, and the 
butter is transparent. It is then to be de- 
canted, or straj^ned through a cloth, and 
cooled in a mixture of pounded ice and 
salt, or at least in cold spring water, other- 
wise it will become lumpy by crystalliz- 
ir^, and likewise not resist the action of 
the ur so well. Kept in a close vessel,- and 
in a cool place,- it will thus remain six 
months or more, nearly as good as at first, 
particularly after the top is taken off. If 
beaten up with one-sixth of its weight of 
the cheesy matter when used, it will in 
some degree resemble fresh butter in ap- 
pearance. The taste of rancid butter, hei 
adds, may be much corrected by melting 
and cooling in this manner. 

Dr. Anderson has recommended another 
mode of curing butter, which is as follows: 
Take one part of sugar, one of nitre, and 
two of the best Spanish great salt, and rub 
them together into a fine powder. This 
composition is to be mixed thoroughly with 
the butter, as soon as it is completely 
freed from the milk in the proportion of 
one ounce to sixteen; and the butter thus 
prepared is to be pressed tight into the 
vessel prepared for it, so as to leave no va- 
cuities. This butter does not taste well, 
till it has stood at least a fortnight; it then 
has a rich marrowy flavour, that no other 
butter ever acquires; and with proper care 
may be kept for years in this climate, or 



carried to the East Indies, if packed so «§ 
not to melt 

In the interior parts of Africa, Mr. Park 
informs us, there is a tree much resem- 
bling the American oak, producing a nut 
in appearance somewhat like an olive. I'he 
kernel of this nut, by boiling in water, af- 
fords a kind of butter, which is whiter, 
firmer, and of a richer flavour, than any 
he ever tasted made from cows' milk, and 
will keep without salt the whole year. The 
natives call it thea toutaug or tree butter. 
Large quantities of it are made every sea- 
son. 

BuTTEa OF AiTTiMONT. See Aktx- 

MONY. 

Butter of Cacao. An oily concrete 
white matter, of a firmer consistence thaii 
suet, obtained from the cacao nut, of which 
chocolate is made. The method of separat- 
ing it consists in bruising the cacao and 
boiling it in water. The greater part of the 
superabundant and uncombined oil contain- 
ed in the nut is by this means liquefied, and 
rises to the surface, where it swims and is 
left to congeal, that it may be the more 
easily taken oflT. It is generally mixed with 
small pieces of the nut, from which it may 
be purified, by keeping it in fusion without 
water in a pretty deep vessel, until the seve- 
ral matters have arranged themselves ac- 
cording to their specific gravities. By this 
treatment it becomes very pure and white. 

Butter of cacao is without smell, and has 
a vei7 mild taste, when fresh; and in all its 
general properties and habitudes, it resem- 
bles fat oils; among which it must there- 
fore be classed. It is used as an ingredient 
in pomatums. 

Butter of Tin. See Tin. 

• Byssolite. a massive mineral, in 
short and somewhate stiff' filaments, of an 
olive-green colour, implanted perpendi- 
cularly like moss, on the surface of cer- 
tain stones. It has been fbund at the foot 
of Mount Blanc, and also near Oisans-on- 
gneisS'* 



CABBAGE (Red). See Brassica Ru- 
bra. 

Cacao (Butter of). See Butter. 

• Cacho'lono. a variety of quartz. It 
is opaque, dull on the surface, internally 
of a pearly lustre, brittle, with a flat con- 
choidal fracture, and harder than opal. Its 
colour is milk-white, yellowish, or grayish- 
white. It is not fusible before the blow- 
pipe. Its sp. grav. is about 2.2. It is found 
in detached nuasses on the river Cach in 



Bucharia, in the trap-rocks of Iceland, in 
Greenland and the Ferroe Islands. Accord- 
ing to Brongniart,cacholongs are fbund also 
at Champigny near Paris, in the cavities of 
a calcareous breccia, some of which are 
hard and have a shining fracture^ while 
others are tender, light, adhere to the 
tongue, and resemble chalk.* 

* Cadmium. A new metal, first disco- 
vered by M. Stromeyer, in the autumn of 
1817, in some carbonate of zinc which he 
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w$» ezaminifiif in Hanover. It hts been 
since found in the Derbyshire silicates of 
2inc. 

The following is Dr. Wollaston's pro- 
cess for procuring Cadmium. It is distin- 
guished by the usual elegance and preci- 
sion of the analytical methods of this phi- 
losopher. From the solution of the salt of 
zinc supposed to contain cadmium, pre- 
cipitate all the other metallic impurities 
hr iron; filter and immerse a cylinder of 
zmc into the clear solution. If cadmium 
be present, it will be thrown down in 
the metallic state, and when redissolved 
in muriatic acid, will exhibit its peculiar 
character on the application of the proper 
tesu. 

Mr. Stromeyer's process consists in dis- 
solving the substance which contains cad- 
mium in sulphuric acid, and passing 
through the acidulous solution a current 
of sulphuretted hydrogen gas. He washes 
this precipitate, dissolves it in concentra- 
ted muriatic acid, and expels the excess 
of acid by evaporation. The residue is 
then dissolved in water, and precipitated 
by carbonate of ammonia, of which an ex- 
cess is added, to redissolve the zinc and 
the copper that may have been precipita- 
ted by the sulphuretted hydro^n gas. 
The* carbonate of cadmium bemg well 
washed, is heated to drive off the carbonic 
acid, and the remaining oxide is reduced 
by mixing it with lampblack, and expos- 
ing it to a moderate red heat in a glass or 
earthen retort. 

The colour of cadmium is a fine white, 
with a slight shade of bluish gray, ap- 
proaching much to that of tin, which me- 
tal it resembles in lustre and susceptibility 
of polish. Its texture is compact, and its 
fracture hackly. It crystallizes easily in 
octohedrons, and presents on its surface, 
when cooling, the appearance of leaves of 
fern. It is flexible, and yields readily to 
the knife. It is harder and more tenacious 
than tin; and, like it, stains paper, or the 
fingers. It is ductile and malleable, but 
when long hammered, it scales off in dif- 
ferent places. Its sp. grav. before hammer- 
ing, is 8 6040; and when hammered, it is 
8 6944. It melts, and is volatilized under a 
red heat. Its vapour, which has no smell, 
may be condensed in drops like mercury, 
which, on congealing, present distinct 
traces of crystallization. 

Cadmium is as little altered by exposure 
to tlie air as tin. When heated in the open 
air, it burns like that metal, passing into a 
smoke, which falls and forms a very fixed 
oxide, of a brownish-yellow colour. Nitric 
acid readily dissolves it cold; dilute sul- 
phuric, muriatic, and even acetic acids, 
act feebly on it with the disengagement of 



hydrogen. The solutions are ooloarless, 

and are not precipitated by water. 

Cadmium- forms a single oxide, in whicb 
100 parts of the metal are combined with 
14.352 of oxygen. The prime equivalent of 
cadmium deduced from this compound 
seems to be very nearly 7, and that of tbe 
oxide 8. This oxide varies in its appear^p 
ance according to circumstances, from st 
brownish-yellow to a dark brown, and even 
a blackish colour. With charcoid it ia re- 
duced with rapidity below a red heat. It 
gives a transparent colourless glass bead 
with borax. It is insoluble in water, but in 
some circumstances forms a white hydrate, 
which speedily attracts caibonic acid from 
the air, and gives out its water when ex* 
posed to heat. 

The fixed alkalis do not dissolve the 
oxide of cadmium in a sensible degree; but 
liquid ammonia readily dissolves it. On 
evaporating the solution, the oxide. falls in 
^ a dense gelatinous < hydrate. With the 
acides it forms salts, which axe almost all 
colourless, have a sharp metallic taste, are 
rcnerall/ soluble in water, and possess the 
following characters: 

1. The fixed alkalis precipitate the oxide 
in the sttfte of a white hydrate. When add- 
ed in excess, they do not redissoive the 
precipitate, as is Uie case with the oxide 
of zinc. 

3. Ammonia likewise pri^cipitates the ox- 
ide white, and doubtless in the state of hy- 
drate; but an excess of the alkali immedi- 
ately redissolves the precipitate. 

3. The alkaline carbonates produce a 
white precipitate, which is an anhydrous 
carbonate. Zinc in the same circumstances 
ffives a hydrous carbonate. The precipitate 
formed by the carbonate of ammonia is not 
soluble in an excess of this solution. Zinc 
exhibits quite different properties. 

4. Phosphate of soda exhibits a white 
pulverulent precipitate. The precipitate 
ibrmed-by the samci salt in solutions of 
zinc, is in fine crystalline plates. 

5. Sulphuretted hydrogen gas, and the 
hydrosulphurets, precipitate cadmium yel- 
low or orange. This precipitate resembles 
orpiment a little in colour, with which it 
might be confounded without sufficient at- 
tention. But it may be distinguished by be- 
ing more pulverulent, and precipitating 
more rapidly. It differs particularly in its 
easy solubility muriatic acid, and in its 
fixity. 

6. Ferroprussiate of potash precipitates 
solutions of cadmium white. 

7. Nutgalls do not occasion any change. 

8. Zinc precipitates cadmium in the me- 
tallic state in the form of dendritical leaves* 
which aUach tbemselTes to the sine. 
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The. Carbonate consists, by Stromeyer^ oi 
Acid, 100X)0 25.4 2.750 

Oxide, 292.88 74.6 8.054 

The sulphate crystallizes in largfe rcctan* 
giilar transparent prisms, similar to sulphate 
of zinc, and veiy soluble in water. It efflo- 
resces in the air. At a strong red heat it 
gives out a portion of its acid, and becomes 
a subsuYphate, which crystallizes in plates 
that di8s<jlve with difficulty in water. The 
neutral stilphate consists of. 

Acid, 100.00 33.3 5.000 

Oxide, 161.12 61.7 8.056 

100 parts of the salt takes 34.26 of water of 
crystallization. Nitrate of cadmium cr}stal- 
lizes in prisms or needles, usually g^uped 
in rays. It is deliquescent Its constituents 
^ure. 

Acid, 100.00 46 6.75000 

Oxide, 117.58 54. 7.93665 
100 parts of tlie dry salt take 28.31 water 
■of cr>'StaUization . The muriate of cadmium 
cr>'stA]lizes in small rectangular prisms, per- 
fectly transparent, which effloresce easily 
when heat^ and which are very soluble. 
It melts under a red heat, loses its water of 
crystallization, jind on cooling assumes the 
form of a foliated mass,- which is transparent, 
and has a lustre slightly metallic and pearly. 
In tlie air, it speedily loses its transpa- 
rency, and falls down in a white powder. 100 
parts of fused chloride are composed oQ 
Cadmium, 61.39 7.076 

Chlorine, 38.61 4.450 

Phost^hate of cadnuum is pulverulent, in- 
soluble in water, and melts, when heated to 
redness, into a transparent vitreous body. 
It is composed of, 

Acid, 100 3.54 

Oxide, 225.49 8.00 

Borate of cadmium is scarcely soluble in 
water. It consists of. 

Acid, 27,88 3.079 

Oxide, 72.12 8.000 

Acetate of cadmium crystallizes in small 
prisms, usually disposed in stars, which are 
not altered by exposure to air, and are veiy 
sohiblc in water. The tartrate cr^'stallizes 
in small scarcely soluble needles. The oxa- 
late is insoluble. The citrate forms a crys- 
talline powder, very little soluble. 

100 partsof cadmium unite with 28.172 of 
sulphur, to form a sulphuret of a yellow co- 
lour, with a shade of orange. It is very fixed 
in the iire. It melts at a white-red heat, and 
on cooling, crystallizes in micaceous plates 
of the finest lemon-yellow colour. The sul- 
phuret dissolves even cold in concentrated 
muriatic acid, with the disengagement of 
sulphuretted hydrogen gas; but the dilute 
acid has little effect on it, even with the as- 
sistance of heat. It is best formed by heat- 
ing together a mixture of sulphur with the 
oxide, or by precipitating a salt of cadmium 
with siUphuretted hydrogen. It promises to 
be useliil in painting. 
VOL. u 



Phosplmret of eftdmitnn, made by fiidng 
the ingredients together, has a gray colour, 
and a lustre feebly metallic Muriatic acid 
decomposes it, evolving phosphuretted hy- 
drogen gas. Iodine unites with cadmiuroi 
both in Uie moist and diy way. We obtain 
an iodide in lai^ and beautinil hexahedral 
tables. These crystals are colourless, trans- 
parent, and not altered by exposure to air. 
llieir histre is pearly, approaching to me- 
tallic It melts with extreme facility, and as- 
sumes, on rooKng, the original form. At a 
higii temperatujse, it is resolved into cadmi- 
um and iodine. Water and alcohol diisoitve 
it with fibciJity. It is composed of. 

Cadmium, 100.00 8.000 

lodme, 227.43 18.1984.? 

Cadmium unites easily with most of the 
metals, when heated along with them out of 
contact of air. Most of its alloys are brittle 
and colourless. 7'hat of copper and cad- 
mium is white, with a slig^it tinge of yellow. 
Its texture is composed of very fine plates, 
i- of cadmium communicates a good deal 

MO 

of brittleness to copper. At a strong heat 
the cadmium flies off. Tutty usually con- 
tains oxide of cadmium. The alloy con- 
sists of. 

Copper* 100- 
Cadmium, 84.2 

The aHoy of cobalt and cadmium has a 
gtjod deal ot resemblance to arsenical cobalt. 
Its colour is almost silver white. 100 parts 
of platinum combine with 117.3 of cadmium. 
Cadmium and mercuiy readily unite cold, 
into a fine silver white amalgam, of a g^nu- 
lar texture, which may be crystallized in oc- 
tohedrons. Its specific gravity is greater 
than that of mercury! It fuses at 167® P. 
It consists oi; 

Mercury, 100. 
dadmium, 27.78 

Dr. Clarke found in 100 gr.^ifllie fibrous 

silicate of zinc, of Derbyshire,, about £; ®^ ^ 
grain of sulphuret of cadmium, a result 
which agrees with the .experiments of Dr. 
Wollaston and Mr.4:^ildren.* 

*€AFnnr. By.adding muriate of tin to 
an infunon of unroasted coffee, M. Chenevix 
obtained a precipitate, which he washed and 
decomposed by sulphuretted hydrogen. I'he 
supernatant liquid contained a pecuhar bitter 
principle, which occasioned a green precipi- 
tate in^^oncentrated solutions of iron. When 
the liquid was evaporated to dryness^ it was 
yellow and transparent, like horn. It did 
not attract moisture from the air but was 
•soluble in water and alcohol. I'he sohitiOR 
had a pleasant bitter taste, and assuined with 
alkalis a garnet-red colour. It is almost as 
delicate a test of iron as infunon of galls is; 
yet gelatin occasions no precipitate with it:* 
27 
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€uwm9 Ott. The «ol«iae «il aMdned 
from the lemiwi of the cMeput tree. Caje- 
ttuta oiBeioarun^ the IfeWlettCft Leucaden- 
droA of liimsut. l%e tree whidi funuihe* 
the eajeput oU it frequent on the mountMns 
of Amboyna, and other Molucca islands. It 
k obtained by distillation from the dried 
kaTes of the smaller of two varieties It is 
prepared in g;reat quantities, especially in the 
island of Banda, and sent to Holknd in cop- 
per flasks. As it comeato us, it is of a green 
colour, very Mmpid, lirhter than water, of a 
•troog smell, resembling camphor, and a 
■trong pungent tsste, like that of caixlamons. 
It bums emirely away, without kaving any 
residuum. It is often adukerated with otlier 
essential oils, coloured with the rerin of mil- 
foil. In the genuine oil, the green colour 
depends on tiie presence of copper, for when 
fectified it is colourless. 

Calaviitb. a native carbonate of sine. 

Calcarkovs EAmra. See Limb. 

* Calcabrovb Sfah. Crystallized carbo- 
tiate of lime. It occurs crj'Stallized in more 
than 600 different forma, all having for their 
primitive form an obtuse rhomboid, with 
angles of 74^ Sy and lOS** S'. It occurs also 
massive, and in imitative shapes. Werner 
has given a comprehensive idea of the va- 
rieties of the crystals, by referring all the 
forms to the six-sided pyramid, the six-sided 
prism, and the three-sided prism, w'itii their 
JtruDcations. The colours ot calc-spar are 
g«y» yellow, red, green, and rarely blue, 
yitreous lustre. Foliated fracture, with a 
threefold cleavage. Fragmenta rhomboidal. 
Transparent, or translucent The tranapa- 
rent crystak refract double. It is less hard 
than fluor spar, and is easily broken. Sp.gr. 
^. 7. It consists of 43.6 carbonic acid, and 
56.4 lime. It effervesces powerfully with 
acids. Some varieties are phosphorescent on 
hot coak. It ia found in veins in all rocks, 
from punite to alluvial strata, and some- 
times m strata between the beds of calcare- 
<Nis mountains. The rarest and most beau- 
tiful crystals are found in Derbyshire, but it 
exists in every part of the world.* 

*Calcbbobt. a mineral so called from 
Calcedon in Asia Minor, where it was found 
in ancient times. There are several sub- 
ffpecies: common calcedony , heliotrope, cbry r 
•opraae, pksma, onvx, saird, and sardonyx. 
Common calcedony occurs in various 
•hades of white, gray, yellow, brown, green^ 
and bltte« The hkckisU-brown appean, on 
looking through the mineral, to become a 
blood-red. It is found in notliUes; botiyoidal, 
stalactitical, bearing organic impressions, in 
vein^ and also massive. Its fracture is even, 
sometimes flat conchoidal, or fine splintery. 
$kmi4ranapaTent, harder and tougher than 
flint Sp. gj-av. 2.6. it is not fusible. It 
may he regarded as pure silica, with a mi- 
nute portion of water. Very tine stalactiti- 
Cfl specimens have beenfouiKl in Trevascus 



in Cornwall. It oecors in the toad* 
stone of Derbyshire, in the trap rocks of 
Fifeshire, of the Pentknd-bills, Mull, Rum, 
Sky, and others of the Scotish Hebridea; 
likewise in Iceland, and the Feiro kknda. 
See tiie sub-species, under their respective 
tities* 

* Calc SiKTBa. Stalactitical carbonate of 
lime. It is found in pendulous conical rods 
or tubes, mameUated, massive, anct in many 
imitative shapes. Fracture lamellar, or di- 
vergent fibrous. Lustre silky or pearly. 
Colours white, of various shades, yellow, 
brown, rarely green, passing into bhie or 
red. Translucent — semihard — ^ery brittle. 
Lar;^ stalactites are found in the grotto of 
Antiparos, the woodman's cave in the Hartz, 
the cave of Auxelle in France, in the cave of 
Castieton in Derbyshire, and Bfacalister cave 
in Sky. They are continually forming by 
the infiltration of carbonated lime-water, 
thro«igh the crevices of the roofe of caverns. 
Solid masses of stakctite have been called 
oriental akbaster. The irregular masses on 
the bottoms of caves have been caUed stal- 
agmites.* 

* Calcbabtitx. Pliny's term for copperas.* 
C AixiHATioH . The fixed rendues of such 

matters as have undergone combustion are 
called cinders in common kngua^^ey and 
calces, or now more commonly oxides, by 
chemists; and the operation, when consider- 
ed with regard to these residues, is termed 
calcination. In this general way it has like- 
wise been applied to bodies not really com- 
bustible, but only deprived of some of their 
principles by heat. Thus we hear of the 
calcination of chalk, to convert it into lime, 
by driving off its carbonic acid and water; 
of gypsum or plaster stone, of alum, of bo- 
rax, and other saline bodies, by which they 
are deprived of their water of cr> stalfization; 
of bones^ which lose their voktile parts by 
this treatment; and of various odier bodies* 
See CoxBOSTiOB and Oxidation. 

* Calciux. The metallic bask of Ume. 
Sir H Davy, the discoverer of thk metal, 
procured it by the process which he used lev 
obtaining Urwun; which see. It was in 
such small quantities, that little could be 
said concermng its nature. It appeared 
brighter and whiter than either banum or 
strontium; and burned when gentiy heated, 
producing dry lime. 

There is only one known combination of 
cakium and oxygen, which k the important 
substance caikd lime. The nature of thk 
substance is proved by the phenomena of 
the combustion of calcium; the metal chaag- 
ing into the earth with the absorption of 
oxygen gas. When the amalgam of cal- 
cium k thrown into water, hy<UG|^n gas k 
disengaged, and the water becomes a solu- 
tion of lime. From the quantity of hydro- 
gen evolved, compared with the quantity of 
Ume formed in experiments of thk load, 
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M. Benefitts endeavoured to aacertain the 
proportion of oxygen in iime. The nature 
of lime may also be proved by analysis. 
When potajuium in vapour is sent throu|?h 
the earth ignited to whiteness, the potassium 
was found by Sir R Davy to become pot- 
ash, while a dark g^y substance of metallic 
splendour, which is calcium, either wholly 
or partially deprived of oxygen, i^ ibimd im« 
bedded in the potash, for it effervesces vio- 
lently, and forms a sohition of lime by the 
action of water. 

lime is usually obtained for chemical 
puiposefl^ horn marble of the whitest kind, 
or from calcareous spar, by long exposure to 
a strong t^ heat It is a soft wnite sub- 
stance, of sQ^cific gravity 2.3. It requires 
an intense degree of heat for its fusion; and 
has not hitherto been volatilixed. Its taste 
is caustic, astringent and alkaline. It is so- 
luble in 450 parts of water, accordine to Sir 
H. DaYV; and in 760 parts, according to 
other chemists. The solubility is not in- 
creased by heat. If a little water only be 
sprinkled on new burnt lime, it is rapidly 
absorbed, with the evolution of much heat 
and vapour. This constitutes the phenome- 
non called slaking. The heat proceeds, ac- 
cording to Dr. Bbck's explanation, from the 
consohdation of the liquid water into the 
lime, fonrnng a hfdrate, as akked lime is 
now called. It is a compound of 3.56 parts 
of lime, witii 1.125 of water, or very neariy 
3 to 1. This water roav be expelled by a 
red heat, and therefore does not adhere to 
lime with the same energy as it does to ba- 
vytes and strontitea. lime water is astrin- 
gent and somewhat acrid to the taste. It 
renders vegetable blues green; the yellows 
brown; and restores to reddened litmus 
its usikbI purple. When lime water stands 
exposed to the air, it gradually attracts car- 
borne acid, and becomes an insoluble carbo- 
nate, while the water remains pure. If 
fime water be placed in a capsule under an 
exhausted receiver, which also encloses a 
saucer filled with concentrated sulphuric 
acid, the water will be graduaDy withdrawn 
from the lime, which will concrete into 
small mx^ided prismatic crystals. 

Berselius attempted to determine the 
prime eijuivalent of calcium, from the pro- 
portion in which it combines with oxygen, 
to form lime; but his results can be regpud- 
ed only as approximations, in consequence 
ef the diiEcuhieB of the experiment. The 
prime equivalent chT lime, or oxide of cal- 
cium, can be detemuned to rigid precision, 
by my instrument for analynng the carbo- 
nates. By this means, I find, that 100 
par^ of carbonate of lime, consist of 43.60 
caibonic acid -f- ^*4 Kme; whence the 
prime eqoitalent proportions are, ^J5 add 
+ 3.563 base. 

If a piece of phosphorua be put into the 
scaled «dl of » glMi tiilM^ the middle part 



oPwhkii is filled with biti of ttme abeot it^ 

size of peas; and after the hitter is ignited^ 
if the former be driven through it in vapoui) 
heating the end of the tube, a compound of 
a dark brown colour, called phosphuret of 
lime, will be formed. This probably conflisli 
of IJi phosphorus + 3.56 lime; but itbsi 
not been exactly analyzed. When^ thrown 
into water, phosphuretted hydrogen gas ii 
disengaged in sinall bubbles, which explode 
in succession as they burst. 

Stdphuret of lime is ibrmed by fiising th« 
constituents mixed tocettierin a covered cni^ 
cible. The mass is Te£lish coloured ami vexy 
acrid. It deliquesces on exposure to air, and 
becomes of a greenish-yellow hue. When it 
is put into water^ a hydrognrelted sulphuret 
of lime is immediately formed. The same 
liquid compound mav be directly made, by 
boiling a mixture of sulphur and lime in 
water. It acts corrosively on aniroal bodie% 
and is a poweriul reagent in precipitating 
metals from their solutions. SoFid sulphu- 
ret of lime probably consists of 2. au^hur 
+ 3.56 Ume. 

When fime is heated strongly in eotitact 
with chlorine, oxvgen ia expelled, and the 
chlorine is absorbed. For every two parta 
in volume of chlorine that disappear, one 
of oxygen ia obtained^ When liquid muriate 
of lime ia evaporated to dryness, and ignit« 
ed, it forms tne same substance, or chloride 
of calcium. It is a semitransparent crystalline 
substance; fusible at a strong red heat; a non^ 
conductor of electricity; has a very bitter taste; 
rigidly absorbs water ftom the atmosphere t 
and is extremely soluble in water. ^See Mv- 
BiATiG Acid). It consists of 2.56 calcium -f- 
4.45 chlorine « 7.01. Chlorine combines also 
with oxide of calcium or fime, forming the 
verv imporunt substance used in bleaching, 
under the name of oxymuriate of fime; hSt 
which is more conectly called chloride of 
fime. 

Several years ago I perfonned a senes of 
laborious, and rather insalubrious experi- 
ments, spthetical and analytical, on chlo- 
ride of Imie; the results of some of which 
were detailed in a manuscript esasy on alka* 
limetiy, and other subjects connected with 
bleaching, submitted to Dr. Heniy in 1816. 
Having smoe then been occupied m extend- 
ing my new methoils of chemical research, 
I have debyed publishing till my plans 
shall be completed. Meanwhile I shaU ob- 
serve, that slaked lime absorbschlorine very 
greedily, though unslaked fime, at ordintiy 
temperatures^ condenses scarcely an appre- 
<»abie ouantity of the diy gas. Under • 
very trifling pressure, hydrate of lime is ca- 
pable of condensing almoat its own weight 
of chlorine; or 3.56 fime -f- 1.125 water 
-« 4.685, combine with 445 chlorine. 
Hence, it is really a chloride of lime, and 
not a sub4)ichl«ride, M Dr. Thomson and 
Mr. IMton here hssOly iitfemd fiem •mf. 
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iMerchi! MinplM, nUered by carritge and 
keepingr. And indeed, as it is not the in- 
terest of die manufacturer to make so rich 
unA pure a compound, when he can get the 
market price for what contains only one- 
third or one-fourth the quantity of chlorine, 
it is absurd to assume a commercial article 
•8 the just chemical standard, or equivalent 
eombmation. In m^ first set of experi- 
nents, I took a certain wei^t of pure lime, 
slaiced it, and saturated it with pure chlorine. 
1 next ascertained, by anaksis^ the propor- 
tion of lime, water, and cbkmne, that exist- 
ed in the compound. The synthesis and 
analysis agreed veiy well. But the chloride 
•lowly clMuiges its nature from the disen- 
gagement of oxygen, by the superior affinity 
ol'the chlorine for the calcium. Hence, as 
veU as from negligence or fraud in the ma- 
nufacture, the -chloride of lime is always 
mixed with more or less of the common 
muriate. For this reason, as well as for 
tliat assigned by H. Gay-Lussac, in his ju- 
dicious critique on Dr. Thomson's paper on 
oxymuriate of lime, it is impossible to infer 
the bleaching power, or to analyze it, by 
using nitrate of silver, lliis test shows 
ttirong€$t in fiicl« when the power is weakest^ 
or when the oxymuriate has passed into 
common muriate, to use the manu&cturer's 
language. Nor is it possible to analyze the 
chloride with any precision, by exposing it 
to heat and measuring tlie oxygen expelled; 
because variable portions of chlorine are se- 
parated at the same time, in very uncertain 
states of combination. It is difficult to con- 
ceive how a chemist of Dr. Itiomson's high 
reputation, should ever have pitched upon 
nitrate of silver to analyze the mingled chlo- 
rides of lime and calcium. 

In performing the synthetic experiment, 
the hydrate of lime must be kept cool, 
otherwise the heat produced by the chemical 
union, is very apt to expel oxyeen from the 
lime, and generate some chlonde of calcium. 
Mr. DaltoD advises the use of solution of 
copperas, to analyze the bleaching powder. 
He desires us to add it, till all the chlorine 
«meU disappears, and to measure tlie -quau- 
tity of copperas employed. I tried this me- 
thod, and was nearly killed by it The re- 
peated and careful application of the nostrils 
to the mixture, and the ineyitable inlialation 
of chlorine, evolved by the su^ihate of iron, 
brought on a very painful and dangerous 
afiection of the lungs. 

Inhere is usually a consadeiable quantity 
i)f unsaturated lime in the above powder; 
,the amount of whicli is readily ascertained 
hy digesting it in water, and filtering. It 
may be expected, that I shouM how give my 
own method of analysis; but the desire of ve- 
©fying it by some fUrth^er experiments of a 
mew kind for which I have hitherto wanted 
leisuse, induces me to suppress it for the 
present.. IMcf tuu^ mN»& ,o)i9$rvjiti9itt 



win be found on the uses of this sub- 
stance. 

If the liquid hydriodate of lime be eva- 
porated to diyness, and gently heated, an 
iodide of calcium remains. It has not been 
applied to any use.* 

* Calctupf. An alluvial formation of car- 
bonate of lime, probably deposited from cal- 
careous springs. It has a yellowish-gray co- 
kxir; a dull lustre internally; a fine grained 
earthy fracture; is opaque, and usually mark- 
ed with impressions of vegetable matter. Its 
specific gravity is nearly the same with that 
of water. It b soft, and ea^y cut or bro- 
ken.* 

* Calcixlus, or Stohs. This name is ge- 
nerally given to all hard comm*etions, not 
bony, formed in the bodies of animals. Of 
these the most important, as giving rise to 
one of tlie most painful diseases incident to 
human nature, is the winary ealaUus, or 
stone in the bladder. Different substances 
occasionally enter into the composition of 
this calculus, but the most usualis the litliic 
acid. 

If we except Scheele's original observa- 
tion concerning the uric or litliic acid, all 
the discoveries relating to urinaiy concre- 
tions are due to Dr. WoUaston; discoveries 
so curious and important, as alone are suffi- 
cient to entitle him to the admiration and 
gratitude of mankind. They liave been hiUy 
verified by the subsequent researches of 
M&L Eourcroy, Yauquelin, and Brande, Drs» 
Henry, Marcet, and Prout Dr. Marcet, in 
his late valuable essay on the chemical his- 
toiy and medical treatment of calculous dis- 
orders, arranges the concretions into nine 
species. 

1. The lithic acid calculus. 

2. The ammonia-magneman phosphate cal- 
cuius. 

3. The bone earth calculus, or phosphate 
of lime. 

4. The fiisible calculus, a nuxture of the 
2d and 3d species. 

5. The mulberry calculus, or oxalate of 
lime. 

6. The cystic calculus; cystic oxide of 
Dr. Wollaston. 

7. The alternating calculus, composed of 
alternate layers of £fi*erent species. 

8. The compound calculus, whose ingre- 
dients are so intimately mixed, as to be se- 
parable onlv by chemical analyus. 

9. Calculus from the prostate gbind, which, 
by Dr. WoUaston's researches, is proved to 
be phosphate of lime, not distinctly strati- 
fied, and tinged by the secretion of the pros- 
tate gland. 

To the above Dr. Marcet has added two 
new sub-species. The first seems ta have 
some resemblance to the cystic oxide, but it 
possesses also some marks of distinction. It 
forms a bright lemon-yellow residuum on 
cvi^oratiog its utoc acid solution, and is 
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composed of HuninaB. But the cystic oxide 
is not laminated, and it leaves a white resi- 
duum from the nitric acid sohition. Though 
they are bodi soluble in acids as well as al- 
kaks, yet the oxide is more so in acids than 
the new calculus, which has been called by 
Dr. Marcet, from its yellow residuum, xanthic 
oxide. Ur, Marcet's other new calculus, was 
found to possess the properties of the fibrin 
of the bloody of which it seems to be a depo- 
ste. He terms it^^rinottf calculus. 

Species I. Uric acid calculL Hr Henrf 
says, in his instntctiTe paper on urinary and 
other morbid concretions, read before the 
Medical Sodety of London, March 2, 1819; 
that it has never yet occurred to him to exa- 
mine calculi composed of this acid in a 
state of absolute purity. They contain about 
9-10th8 of the pure acid, along with urea, 
and an animal matter which is not gelatin, 
but of an albuminous nature. • This must 
not, however, be regarded as a cement. The 
calculus is aggregated by the cohesive attrac- 
tion of the lithic acid itself. The colour of 
lithic acid calculi is yellowish, or reddish- 
brown, resembling the appearance of wood. 
They have commonly a smooth polished sur- 
face, a lamellar or radiated structure, and 
consist of fine particles well compacted. 
Their sp. gravity varies from 1.3 to 1.8. 
They d&solve in alkaline lixivia, without 
evolving an ammoniacal odour, and exhale 
the smell of horn before the blow-pipe. The 
relative frequency of lithic acid calculi wiH 
be seen from the following statement. Of 
150 examined by Mr. Brande, 16 were com- 
posed who&y of this acid, and almost ail con- 
tained more or less of it. Pourcroy and 
Vauquelin found it in the greater number of 
500 which they analysed. All those exa- 
mined by Scheele consisted of it alone; and 
300 analyzed by Dr. Pearson, contained it in 
greater or smaller proportion. According 
to Dr. Henry's experience, it constitutes 10 
urinarv concretions out of 26, exdusive of 
the alternating calculi. And Mr Brande 
lately states, that out of 58 cases of Iddnty 
calculi, 51 were Etluc acid, 6 oxalic, and 1 
cystic. 

Species 3. Ammonia-magnesian phos- 
phate. This calculus is white like chalk, is 
friable between the fingers, isoften covered 
with dog-tooth crystals, and contains semi- 
•ofystalline layers. It is in8*Mfle in alludifl^ 
but soluble m nitric, muriatic, and acetic 
acids. According to Dr. Henry, the earthy 
pho^hates, comprehending the 2d and 3d 
species, were to the whole number of con- 
cretions, in the ratio of 10 to 85. Mr. 
Brande justly observes, in the 16th number 
of his Journal, that the urine has at all times 
a tendency to depositethe triple phosphate, 
upon any body over which it passer. Hence 
diains by which urine is carried off, are often 
incrusteid with its regular crystals; and in 
^ases where extraneous bodies have got into 



the bladder, they have often in a very 8h6tt 
time become connderably enlarged by depo- 
sition of the same substance. When this 
calculus, or those incrusted with its semi- 
crystalline particles are strongly heated be- 
fore the blow-pipe, nmmonia is evolved, and 
an imperfect fusion takes place. When a 
little of* the calcareous phospliate is present, 
however, the concretion readily fuses. CaK 
culi composed tnHrely of the ammonia-mae- 
nesian phosphate are very rare. Mr. Brande 
has seen only two. They were crystallized 
upon the surface, and tfieir fracture was 
somewhat foliated. In its pure state, it b 
even rare aa an incrustation. The powder 
of the ammonia-phosphate calculus has a 
brilliant white colour, a faint sweetish taste, 
and is somewhat solubfe in water. Kour- 
croy and Vauquelin suppose the above depo- 
sttes to result from incipient putrefaction of 
urine in the bladder. It is certain that the 
triple phosphate is copiously precipitated 
from urine in such circumstances out of the 
body. 

Species 3. The bone earth calculus. Its 
surface according to Dr. Wdlaston, is ge- 
nerally pale brown, smooth and when sawed 
through, it appears of a laminated texture, 
csisily separable into concentric crusts. Some- 
times, also, each lamina is striated in a di- 
rection perpendicuhr to the surface, asfrom 
an assemblaffe of ci^'stalline needles. It is 
difficult to nise this calculus by the blow- 
pipe, but it dissolves readily in dilute mu- 
riatic acid, from which it is precipitable by 
ammonia. Tins species, as described by 
Foureroyand Vauquelin, was white, without 
lustre, fnable, staining the hands, paper, and 
cloth, ft had much of a chalky appearance^ 
and broke under the forceps, and was inti- 
mately mixed with a gelatinous matter; which 
is left in a membranous form, when the 
earthy salt is withdrawn by dilute muriatic 
add. Dr. Heniy says that he has never bees 
able to recognize a calculus of pure phos- 
phate of lime, in any of the collections which 
oe has examined; nor did he ever find the 
preceding species in a pure state, though a 
calculus in I^fr. White's collection contained 
more than 90 per cent of ammonia-magne- 
saan phosphate. 

Species 4. The fusible calculus. This is 
a very friable concretion, of a white colour, 
resembling chalk in appearance and texture; 
it often breaks into layers, and exhibits a 
glittering appearance intemallv, from inter- 
mixture of tne crystals of triple phosiAiate« 
Sp. grav. from 1.14 to 1.47. Soluble in 
dilute muriatic and nitric adds, but not in 
alkalme lixivia. The nucleus is genen^ 
lithic acid. In 4 instances only out of 187» 
did Dr. Henrv find the calculus composed 
throughout or the earthy phosphates. The 
analysis of fusible calculus is easily perform- 
ed by distilled vinegar, which at a gentle 
heat di8Bolve9 fhe ammonia-magneslan phos>« 
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fhile» bot Mt the phoiphate of finet the 
titter may be taken up by dilute mumtic 
acid. The lithic acid preient will remaui, 
and may be recognized by ita aolubility in 
the waiter of pure potaah or toda. Or the 
Sthic aoid nay, in the fimt initance, be re,- 
■loved by the alkali, which exptls the am- 
■lonia, and leavea the phoaphate of magne- 
«aand linir. 

Speciea 5. The mulbeny cakulua. Ita 
•or&oe la rough and tuberculated; cokHU- 
dc«p reddiih-biowii. Sometimea it ia pak 
brown, of a crytaUine texture, and covered 
with flat octohedial ciystala. Thia calculua 
haa commonly the density and hardneM of 
ivory, a ap. grav. from 1.4 to 1.98, and ex- 
hales the odour of semen when sawed. A 
moderate red heal converta it into caibonate 
of lime* It doea not dissolve in alkaline 
lixivia, but slowly and with difficulty in 
adda. When the oxalate of fime is voided 
directly after leaving the kidney, it ia of a 
grayish-brown colour, compoaed of small co» 
Senng spherules, sometimes with apoUshed 
•urface resembling hempseed. They are 
Msily recogniaed by their insolubility in 
muriatic acki, and their swelling up and 
passing into pure lime before the blow-pipe. 
jf ulbeny calculi contain always an adnux* 
ture of other substancea besides oxalate of 
fime. Thepe are, uric acid, phosphate of 
fime, and animal matter in dark flocculi. 
The colouring matter of these calculi is pro- 
bably effused blood, llr. Ueniy rates the 
frequency of this species at 1 in 17 of the 
whole which he has compared; and out of 
187 calculi, he found that 17 were formed 
round tmM of oxalate of lime. 

Species 6. The mtic^xide calculus. It 
assembles a fittle the triple phosphate, or 
more exactly magnesian limestone. It is 
•omewhat tough when cut, and haa a pecu- 
fiar greasy hiitre. Ita usual cokMir is pale 
brown, bordering on straw-yeUow; and its 
itetture is irreguiariv crystidline. It unites 
in solution with acida and alkalis^ ciystal- 
fizing with both. Alcohol predpitatea it 
from nitric acid. It does not become red 
with nitric acid, and it has no effect upon 
vegetable bluea. Neither water. Alcohol, nor 
ether dissolves it It is decomposed by heat 
into cariionate of ammonia and oil, l^viog a 
minute residuum of pho^hate of lime. Inia 
0oncretion is of very rare occurrence. Dr. 
Henry statea its frequency to the whole, as 
lO to 985. In two which he examined, the 
Ducleua was tho fame substance with the 
rest 6( th^ concretion; and in a third, the 
■ucfcua of an aiie acid calculus was a small 
■phciule of cyitio oxide. Hence, as Dr. 
Mucet hat remaiked, this oxide appears to 
be m reafity the production of the kidneys, 
ud not, aa ita name would import, to be ge- 
iwinledinthebhidder. It might be culled 
with propriety rtnaf oxidc^ if tti wmnent 
AseoTcr dmiH think fit. 
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Spectea 7. The ollenurfifig coicviiii. Th^ 
aurfSki^ of this calculua is usually white like 
chalk, and friable oraemi-ciystaliine, accord- 
ing as the exterior coat ia the calcareous or 
ammonia-magnesian phoaphate. They are. 
freouently of a hrge size, and eoatain e 
nucleus of lithic acid. Sometimes the two 
phosphates form alternate layers round the 
nucleus. The above are the most common 
alternating cakuli; next are those of oxa- 
late of lime with phosphates; then oxalate 
of lime with lithic acid; and lastly, those in 
which the three aubstancea ahemate. The 
ahemating, tak^n all together, occur in 10 
out of 25, in Dr. Henry's list; the lithic 
add with phosphatea m 10 to 48; the oxa^ 
kte of fime with phoophatea^ aa 10 to ll6s 
the oxahAe of lime widi lithic add, aa 10 to 
170; the oxalate of Ume, with lithic add and 
Idiosphatea, aa 10 to 365. 

Species 8. The compound calculua. Thia 
consists of a mixture of lithic acid with the 
phosphates in variable proportions, and ia 
conaequently variable in its appearance* 
Sometimes die alternating layera are so thin 
aa to be undiatinguisbable by the eye, when 
their nature can be determined only by cbe- i 
mical analysis. Tliis species, in Dr. Henry's ! 
list, forms 10 in 235. About 140th of the 
calcuh examined bv Fourcroy and Yauque- 
lin were complDund. 

Spedes 9. haa been already described. 

In ahnost ali calculi, a central nucleus 
may be (Uacovered, sufficiently small to 
have descended through the ureters into 
the bladder. The disease of stone is to be 
considered, therefore, essentially and ori- 
ginally aa belonging to the Iddneys. Its in- 
creaae in the bladder may be occasioned, 
eitfier by exposure to urine that contains an 
excess of the same ingmfient aa tiiat com- 
ponng the nucleus^ in which case it will be 
untfbmriy constituted throughout; or if the 
morbid nudeua deporite should cease, the 
concretion will then acquire a coating of the 
earthy phosphates. It becomes, therefore. 
hif^y important to ascertain the nature of 
the most predominant nudeua. Out ci 187 
calculi examined by Dr. Henry, 17 were 
formed round nuclei of oxalate of lime; 3 
round nudei of cyatic oxkle; 4 round nudei 
of the earthy phosf>hatea; 3 round extn^ 
neous subatances; and in 3 the midetia waa 
replaced by a small cavitv, occasioned pr»» 
baoly by the ahrinkin^ of some aainal mat- 
ter, round which the ingredienta of the cal- 
culi (foible) had been deposited. Rau haa 
shown by experiment, that pua may form the 
nudeua of an urinary coocretioa. The re- 
maimng 158 calculi of Dr. Heniy'b list, had 
centrainudei compoaed chiefly of fithie acid. 
It appears akOb that in a verj^ 
of tne esses referred to ' 
tion to secrete an excesa - • ^ 

been the essential canae of the eriain of 
Hence it bcoomea a matter of gf 



a very great mMjontf 
i by him, the disiioBi- 
ssa of lithic acid b** 
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iBportimee to inquiie, what are the dreiun* 
fliBtices which contribute to its excessive pro- 
ductioii, and to ascertain by what plan of 
diet and medicine this moibid action of the 
kidneys may best be obviated or removed. 
A calculus in Mr. White's collection had for 
its nucleus a fhifi^ment of a bougie, that had 
slipped into the bladder. It belonged to the 
luaiole species, consistinj^ of, 

90 phosphate of hme 

IX> ammonia-magne^n phosphate ' 

10 lithic acid 

10 animal matter 

100 
Yh some instances, though these are com- 
paratively very few, a morbid secretion of 
the earthy phosphates in excess, is the cause 
of the formation of stone. Dr. Henry re- 
lates the case of a gentleman, who, duriEg 
j)arox}8ms of gravel, preceded by severe 
•ickness and voniitins^, voided urine as 
opaque as milk, which deposited a great 
quantity of an impalpable powder, connst- 
ing of the calcareous and triplephosphate 
4p nearly equal proportions. The weight 
of the body was rapidly reduced from 188 
to 100 pounds, apparently by the abstrac- 
tion of the earUi of nis bones; for there was 
no emaciation of the muscles corresponding 
to the above diminution. 

The first rational views on the treatment 
of calculous disorders, were given by Dr. 
Wollaston. These have been followed up 
lately by some ven' judicious observations of 
Mr. JSrande, in the 12th, 15th, aud 16th 
numbers of his Journal; and also by Dr. 
Marcet, in his excellent treatise already re- 
ferred to. Of the many substances con- 
tained in human urine, ^ere are rarehr 
more than three which constitute gravel; 
viz. calcareous phosphate, ammonia-magne- 
sian phosphate, and lithic acid. The for- 
mer two form a white sediment; the latter 
a red or brown. The urine is always an 
acidulous secretion. Since by this excess of 
acid, the earthy salts, or white matter, are 
held in sokition, whatever disorder of the 
system, or impropriety of food and me^cine, 
diminishes that acid excess, iavours the for- 
mation of white deposite. The internal use 
of adds was shown by Dr. Wolkston, to be 
the appropriate remedy in this case. 

White gravel is frequently symptomatic 
of disordered digestion, arising from excess 
in eating or drinking; and it is often pro- 
duced by too farinaceous a diet. It is also 
occasioned by the indiscreetuse of magnesia, 
soda water, or alkaline medicines in general. 
Medical practitioners, as well as their pa- 
tients, ignorant of chemistry, have often 
committed fatal mistakes, bv considering 
the white gravel, passed on the administra- 
tion of alkaline medicines, as the dissolution 
of tlie calculus itself; and have hence push- 
ed a practice, which has rapidly increased 



the size of the Mone. MagneAi, in 
cases, acts more mlmioiialy Hum alkali, m 
precipitating insoluble phosphate from the 
urine. The adds of urme, which, by their 
excess, hold the earths in solution, are the 
phosphoric, HtluG, and carbomc. Mr. Brands 
has unifomiiy obtained the latter aeid, bf 
placing urine under an exhausted reoeiveti 
and he has formed catbonate of baiyte% 
by dropping baiytes water into urine re- 
cently voided. 

The appearance of wluts sand does aol 
seem deserving of much attention, where k 
is merely occasiona], following indigestion 
brought on by an accidental excess. But if 
it invariablv follows meals, and if it be ob» 
served in the urine, not M a mere depositee 
but at the time the last drops are voided, it 
becomes a matter of importance, as the fore- 
runner of other and serious forms of the die 
order. It has been sometimes viewed as the 
^eet of irritable bladder, where it was in 
reality the cnuse. Adds are the proper 
remedy, and unless some peculiar tonicenect 
be sought for in sulphuno add, the vegeta-' 
ble acids ought to be preferred. Tartar, or 
its add, may be prescribed with advanUre, 
but the best medicine is citric acid, in du^ 
doses of from 5 to 30 grains. Persons ie« 
turning from warm climates^ with dyspeptic 
and hepatic disorders, often void this wnite 
gravel, for which they have recourse to em. 
pyrical solvents, for die most part alkaline, 
and are deeply injured, lliey ought to adopt 
an adduious diet, abatdning from soda water, 
alkalis, malt li<ittor, maddra and port; to eat 
salads with add fiuits; and if habit requires 
it, aghtfs of cyder, ehampame or claret, but 
the less of these formantedhquors the better. 
An eifervescing dnius;fat is often very bene* 
ftcial, made by dissolving 30 grains of bi- 
carbonate of potash, and 20 of dtric add, in 
separate tea cups of vrater, mixing the sola* 
lion in a krge tumbler, and dnnking die 
whole during the effervescence. TUs dose 
may be repeated 3 or 4 times a-day. The car- 
bonic acid of the above medicine emers the 
circulation, and pasung off by the bladder, is 
usefol in retaining, particularly, the triple 
phosphate in solution, as was first pdnted out 
by Dr. Wolhurt<m. The bowelsshould be kept 
regtdarbjr medicine and moderate exercise. 
The febnle affections of chiklren are fre- 
quently attended bf an apparently fonnida- 
ble deposite of white sand in the urine. A' 
dose ot calomel will generally cany off both 
the fever ar.d the sand. Air, exercise, bark, 
bitters, mineral tonics, are in like manner 
often suoceasfol in removing the urinary 
complaints of grown up persons* 

In considering the led gravel, it is neces- 
sary to distinguish between those cases in 
which the sand is actually voided, and those 
in which it is deposited, after some hours, 
from originally limpid urine. In the first, 
tlie sabulous appeanuce is an alamiing in* 
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ijlicfttion offt'tendency to form calculi; in the 
aecond, it is often merely, a fleeting svmp- 
t<»n ol' indigestion. Should it frequently re- 
cur, however, it is not to be disregarded. 

Bicarbonate of [lOtash or soda is the pro- 
per remedy for the red sand^ or titbic acid 
deposite. The alkali may otten be beneii- 
cialiy combined with opium. Ammonia, or 
Its crystallized carbonate, may be resorted to 
with advantage, where symptoms of indiges- 
tion are brought on bv the other alkitlisv 
and particularly in red ftml connected 
with gout; in which the joints and kidneys 
are affected by turns. Where potash and 
aoda have been so long employed as to dis- 
agree with the stomach, to create nausea, 
flatulency, a sense of weight, pain and other 
symptoms of indigestion, magnesia may be 
prescribed with the best ettects. The ten- 
dency which it has to accumulate in danger- 
ous (quantities in the intesdnes, and to form 
a white sediment in urine, calls on the prac- 
titioner to look minutely after its adminis- 
tration. It should be occasionally alternated 
with other laxative medicines. Magnesia 
dissolved tn carbonic acid, as Mr. Scheweppe 
used to |»epare it many years ago, by the 
direction of Mr. Brande, is an elegant form 
of exhibiting this remedy. 

Care must be had not to push the sdkaline 
medicines too far, lest they give rise to the 
deposition of earthy phosphates in the urine. 

Cases occur in which the sabulous depo- 
»te consists of a mixture of lithic acid with 
the phosphates. The sediment of urine in 
inflammatory disorders is sometimes of this 
nature; and of those persons who habitually 
indulge in excess ot wine; and also of those 
who, labouring under hepatic affections, se- 
crete much albumen in their urine. Purges, 
tonics, and nitric acid, which is the solvent 
«f both the above sabulous matters, are the 
appropriate remedies. The best diet for pa- 
tients labouring under the lithic deposite, is 
a vegetable. Dr. Wollaston's fine observa- 
tion, that the excrement of birds fed solely 
upon animal matter, is in a great measure 
Kthic acid, and the curious fact since ascer- 
tained, that the excrement of the boa con- 
strictor, fed also entirely on animals^ is pure 
lithic acid, concur in giving force to the 
above dietetic prescription. A week's ab- 
stinence firom animal food has been known 
to relieve a fit of lithic acid gravel, where 
the alkalis were of little avail But we must 
not carry the vegetable system so iar as to 
produce flatulencj^ and indigestion. 

Such are the principal circumstances con- 
nected with the disease of gravel in its inci- 
pient or sabulous state. The calculi formed 
in the kidneys are, as we have said above, 
either lithic, oxalic, or cystic; and very rare- 
ly indeed of tlie phosphate species. An 
aqueous regimen, moderate exercise on 
horseback when not accompanied witli much 
irritation, cold bathing* and mild aperient^ 



along wiili the appropriate chemical me&v- 
cines, must be prescribed in kidney cases. 
These are particularly requisite immediately 
after acute pain in the region of the ureter, 
and inflammatory symptoms have led to the 
belief that a nucleus has descended into the 
bladder. Purges, diuretics, and diluents, 
ought to be liberally enjoined. A large 
quantity of mucus streaked with blood, or of 
a purulent aspect, and iixmorrhagy, are 
frequent symptoms of the passage of the 
stone into the bladder. 

When a stone has once lodged in the 
bladdery and increased there to such a size 
as no longer to be capable of passing through 
the urethra* it is generally allowed, b^ all 
who have candidly considered die subject* 
and who are qualified by experience to be 
judges^ that the stone can never again be 
dissolved; and although ic is possible that it 
may become so loosened m its texture, as to 
be voided piecemeal, or gradually to crumble 
away, the event is so rai-e as to be barely 
probable. 

By examining collections of calculi we 
learn, that in by far the greater number of 
cases* a nucleus of tithic acid is enveloped 
in a crust of the phosphates. Our endea- 
vours must therefore be directed towards re- 
ducing tlie excess of lithic acid in the urine 
to its natural standard; or, on the other 
hand, to lessen the tendency to the deposition 
of the phosphates. The urine must be sub- 
mitted to chemical examination, and a suit- 
able course of diet and medicines prescribed 
But the chemical remedies must be regu- 
lated niceji^, su as to hit tl^ happy equili- 
brium* in which no deposite will be formed. 
Here is a powerful call on the physicians 
and surgeons to make themselves thoroughly 
versant in chemical science; for they will 
otherwise commit the most dangerous blun- 
ders in calculous complaints. 

" The idea of dissolving a calculus of 
uric acid in the bladder by the internal use 
of tlie caustic alkahs,** says Mr. Brande, 
''appears too absurd to merit serious refiita- 
tion." In respect to the phosphates* it seems 
possible, by keeping up an unusual acidity 
in the urine* so tiw to sdften a crust of the 
calculus, as to make it crumble down* or ad- 
mit of being abraded by the sound; but this 
is the utmost tl^at can be looked for; and 
the lithic nucleus will still remain. •* These 
considerations,*' adds Mr. Brande* « inde- 
pendent of more urgent reasons, show the 
futility of attempting the solution of a stone 
of the bladder by tlie injection of acid and 
alkaline solutions, in respect to the alkalis* 
if sufficiently strong to act upon the uric 
crust of the calculus, thev would certainly 
injure the coats of the bladder; they would 
otherwise become inactive by combination 
with the acids of the urine* and they would 
form a dangerous precipitate from the same 
cause."-^* It therefore appears to me* that 
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Pwircroy, and others who have advised the 
plan of injection, have thong-ht little of all 
these obstacles to sdccess, and have regpirded 
the bladder as a lifeless receptacle into which, 
AS into an India nibber bottle, almost any 
solvent mijjrht be injected with impunity." — 
Jmtmal 9fScienictj vol. vii, p. 216. 

1 have judged it an imperative duty to in- 
sert the above cautions, from an eminent 
ctiemist who has studied this subject in its 
medicid relations, lest the medical student, 
misled by I>r. Thomson's favourable tran- 
scrijrt of the injection scheme, might be hur- 
ried into very dungf rous practice. 

It does not appear that the peculiarities of 
water in different districtsj have any influence 
upon the production of calculous disorders. 
Br. WoUaston's discovery of the analog)' be- 
tween urinary and gouty concretions, has 
led to the trial in gravel of the vinum colchi^ 
«t, the specific for gout By a note to Mr. 
Hrande's dissertation we learn, that benefit 
has bten derived from it in a case of red 
gravel. 

Dr. Henry confirms the above precepts in 
the following decided language. «* These 
cases, and others of the same kind, which I 
think it unne<:essury to mention, tend to dis- 
courage all attempts to dissolve a stone sup- 
posed to consist of uric iwid, after it has at- 
tained considerable size in the bladder, all 
that can be effected under such circum- 
stances by alkaline medicines appears, as Mr. 
Brande has remarked, to be the precipitating 
upon it a coating of the eaithy phosphates 
from the urine, a sort of concretion which, 
as has been observed by %'arious practical 
writers, increases much more rapidly thart 
that consisting of uric acid only. The same 
unfavourable inference may be drawn also 
from the dissections of those persons in whom 
a stone was supposed to be dissolved by al- 
kaline medicines; for in these instances it has 
hten found either encvsted, or placed out of 
the resell of the sound by an enlargement of 
the prostate gland.* 

The urinary calculus of a dog, examined 
by Dr. Pearson, was found to consist princi- 
pally of the phosphates of lime and ammo- 
nia» with animal matter. Several taken 
from horsev, were erf* a similar composition. 
One of a rabbit consisted chiefl;^ of carbo- 
nate of lime and animal matter, with perhaps 
a little phosphoric acid. A quantity of sabu- 
lous matter, neither crystallized nor con- 
crete, is sometimes found in the bladder of 
the horse: in one instance there were nearly 
45 pounds* These appear to connst of car- 
bonate of lime and animal matter. A cal- 
culus of a cat gave Fourcroy three parts of 
carbonate, and one of phosphate of hme. 
That of a pig, according to Bertholdi, was 
phosphate of lime. 

The renal calculus in man appears to be 
of the same nature as the urinaiy. In that 
of tlie horse, Fourcroy fctfmd 3 parts of air- 



bonate, and one of phosphate of lime. Va^ 
Pearson, in one instance, carbonate of lime, 
and animal matter; in two others, phos- 
phates of lime and ammonia, with animal 
matter. 

^ Ardiritic calculi, or those formed in tlie 
joints of gouty persons, were once stipposed 
to be carbtmate of lime, whence they were 
called chalkstones; afterward it was sup- 
posed that they were phosphate of limej 
but Dr. Wollaston has shown, that they are 
lithate of soda, llie calculi found some- 
times in the pineal, prostate, salivary, and 
bronchial glands, in the pancreas, in the cor- 
pora cavernosa penis, and between the mus- 
cles, as well as the tortar, as it is called, tliat 
encrusts the teeth, appear to be phosphate 
of lime. Dr. Crompton, however, examined 
a calculus taken from the Umgs of a de- 
ceased soldier, which consisted of lime 45, 
carbonic acid 37, albumen and water 18. It 
was very hard, irregidarly spheroidal, and 
measured about 6^ inches in circumfer- 
ence. 

For the biliary calculi, see Gall. Those 
called bexomv have been already noticed ui^ 
dcr that article. 

It has been observed, that the lithic acic^ 
which constitutes the chief part of most hu- 
man urinary calculi, and abounds in the arth- 
ritic, has been found in no pbytivorous ani- 
mal; and hence has been deduced a practi- 
cal inference, that abstinence from animal 
food would prevent their formation. But we 
are inclined to think this conclusion too has* 
ty. I1ie cat is carnivorous; but it appeared 
above, that the calculus of that animal is 
equally destitute of lithic acid. If, therefore, 
we would form any deduction with respect 
to regimen, we must look for sometliingused 
by man, exclusively of all'other animals; and 
this is obviously found in fermented liquors, 
but apparently in nothing else: and this prac- 
tical inference is sanctioned by the most re- 
spectable medical authorities. 

* Ov Calobic. By Dr, Ure, 

* Calortc. Hie Agent to which the phe- 
nomena of beat and combustion are ascribed, 
Tliis is hypotheticaily regarded as a fluids 
•f inappreciable tenuity, whose particles are 
endowed with indefinite idio'^epulave pow- 
ers, and which by their.distribution in various 
proportions among the particles of pondera- 
ble matter, modify cdbesive attraction, giv- 
ing birth to tlie three |;eneral forms of g»- 
ieous, liquid, and solid. 

Mpiy eminent philosophers, however, have 
doubted the separate enti^ of a calorific mat-* 
ter^Jid have adduced evidence to show that 
th^benomena might be raUier referred to 
a vibratory or intestinal motion of the par- 
ticles of common matter. The most distin- 
guished advocate of this opinion in modem 
times is fiir }JL, Davy, the aspal justne?? and 
28 
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«voftiTidity of wliose views entitle them to 
ceference. The following sketch of his ideas 
on this intricate subject, though it g^racluates 
perhai)8 into the poetry of science, cannot 
fail to increase our admiration of bis genius, 
and to inculcate moderation on the partisans 
of the opposite doctrine. ^ 

** Calorific repulsion has been accounted 
Ibr by supposing a subtile 0uid capable of 
combining with bodies, and of separating 
their parts from each other, which has been 
named the matter ofhe^i or eaioric. 

•* Many of the phenomena admit of a hap- 
py eiplanation on this idea, such as the cold 
|m)duced during the conversion of solids 
Vito fluids or gases, and the increase of tem- 
perature connect^>d with tlic condensation of 
gases and Huids/' In tiie former case we 
say the matter of heat is a^>8orbed or com- 
bined; in the latter it is extruded or disen- 
gaged from combination. •* But there are 
other facts which are not so easily reconciled 
Co the opinion. Such are the production of 
heat by friction and percussion; and some 
Of the chemical changes which have been 
just referred to.** These are the violent heat 
produced in the explosion of gimpowder, 
where a large quantity of aeriform matter is 
disengaged; and the fire which appears in 
the decomposition of tiie euchlorine gas, or 
protoxide of chlorine* though tlie resulting 
gases ocaipy a greater volume. 

«« When the temperature of bodies is raised 
by friction, there seems to be no diminution 
of their capacities, using the word in its com- 
mon sense; and in many chemical chJnges, 
connected with an increase of temperature, 
there appears to be likewise an increase of 
capacity. A piece of iron made red-hot by 
hammering, cannot be strongly heated a se> 
cond time by the same means, unless it has 
been previously introduced into a fire. 1 his 
flict has been explained by supposing that 
the fluid of heat nas been pressed out of it, 
by the percussion, which is recovered in the 
fire; but this isa vevy rude mechanical idea: 
the arrangements of its parts are altered by 
hammering in this way, and it is rendered 
brittle. By a modersite degree of friction, 
as would appear from Runiford's experi- 
ments, the same piece of metal may be kept 
hot for any length of time; so tliat if lieat be 
pressed out, the quantity must be inexhaust* 
ible. JW'hen any b<Kly is cooled, it occupies 
a smaller volume than before; it is evident 
therefore that its parts must have approached 
to each other; when the body is expanded 
by heat, it is equally evident that its parts 
inust have separated' from each oUier. The 
immediate cause of the phenomena of Iteat, 
tlien, is motion, and the laws of its commu- 
nication are precisely the same as the )|^s 
of the communication of motion.** Since all 
matter may be made to fill a smaller volume 
by cooUiig, it is evident tl)at the particles of 
igiatter most have space between themj and 



since evety body can communicate the pow- 
er of expansion to a body of a lower tempe- 
rature, that is, can gpve an expansive mo- 
tion to its particles, it is a probable infer- 
ence that its own particles are possessed of 
motion; but as there is no cliange in the po- 
sition of its parts as long as its temperature 
is uniform, the motion, if it exist, must be a 
vibratory or undulatory. motion, or a motion 
of the particles round tlieir axes, or a mo- 
tion of particles round encb other. 

•<It seems possible to account for all the 
phenomena of heat, if it be supposed that in 
solids the particles are in a constant state of 
vibratory motion, the particles of the hottest 
bodies moving with the greatest velocity, 
and through the greatest space; that in li- 
quids and elastic fluids, besiaes the vibratory 
motion, whirh must be conceived g^atest 
in the. last, the particles have a motion round 
tiieirown axes, with different velocities, the 
particles of elastic fluids moving with the 
greatest quickness; and that in ethereal sub- 
stances,** the particles move round their own 
axes, and separate from each other, penetra- 
ting in right hnes througli space. Tempe- 
rature maybe conceived to depend upon the 
velocities of ti»e vibrations; increase of capa- 
city on the motion being performed in great- 
er space ;and the diminution of temperature, 
during the conversion of solids into fluidsor 
gases, may be explained on the idea of the 
loss of vibratory motion, in consequence of 
the revolution of particles round their axes, 
at the moment when the body becomes li- 
quid or aeriform; or from the loss of rapidi- 
ty of vibration, in consequence of the mo- 
tion of the particles through greater space. 

••If a specific fluid of heat be admitted, 
it must be supposed liable to most of the af- 
fections which the particles of common mat- 
ter are assumed to possess, to account for the 
phenomena; such as losing its motion when 
combining with bodies, producing motion 
when transmitted f^^om one body to another, 
and gaining projectile motion when pass- 
ing into free space; so tliat many hypotheses 
must be adopted to account for its agency, 
which renders this view of tiie subject less 
simple tlian the otiier. Very delicate expe- 
riments have been made, which show that 
bodies, when heated, do not ^increase in 
weight. This, as far as it goes, is an evi- 
dence against a subtile elastic fluid, produc- 
Hig the calorific expansion; but it cannot be 
C3nsidered as decisive, on account of the im- 
perfection of our instruments. A cubical 
inch of inflammable air requires a good ba- 
hince to ascertain that it nas any sensible 
weight, and a substance bearing tlie same le- 
lation to this, tiiat tiiis bears to platinum, 
could not perhaps be weiglied by any method 
in our posscssion*'*t 

J -This view of the subject is to me unsa- 
actory. It is true that the idea of he^t 
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9 hta been supposed, on tfie other hmd, «m the cskififlc lays which tcoompftn^ {turn 
ihat the observations of Sir Win. Henchel of light in the sobir beam, aflbra oecisiv^ 

being motion^ is sanctioned by Newton, as 

well as by the illustrious chemist above 

named. But tite former adopted his opinion 

at a time, when the existence of heat in a 

latent state Was as yet unsuspected, and 

when many phenomena unfavourable to the 

notion he suggested were unknown. It is 

fiilly established in mechanics, that when a 

body in motion is blended with and thus 

made to communicate motion to another 

body, previously at rest, or moving slower, 

the velocity of the compound mass after tlie 

impact will be found, by multiplying the 

weight of each body, by its respective ve- 
locity, and dividing the sum of the producti, 

by the aggregate weight of both bodies. 

Of course it will be more than a mean or 

less tlian a mean, accordingly as the quicker 

body was fighter or heavier than the other. 

How acconHng to Sir Humphrey Davy, the 

particles of substances which are unequally 

heated are moving with unequal degrees of 

velocity; of course when they are reduced 

by contact to a common temperature, the 

heat, or what is the same (in his y'tew}, the 

Telocity of the movements of tlieir particles, 

ought to be found by tnuhiplying the heat 

of each by its weight and dividing the sum 

of the product by the aggregate weiglit. 

Hence \k equal weights of matter be mixed, 
the temperature ought to be a mean; and if 
equal bulk% it ought to be as much neai«r 
the previous temperature of the heavier 
substance as the weight of the latter k 
greater; but the opposite is in most in- 
stances true. When equiponderant quanti- 
ties of mercury and water are mixed at 
different temperatures, the result is such as 
might be expected from the mixture of the 
water, were it three times heavier;, so mueh 
nearer to the previous heat of the water, is 
the consequent temperature. It may be 
said that this motion is not measurable upon 
mechanical principles. How tlien, I ask does 
it produce mechanical effects? Jliese must 
be produced by the force of the vibrations, 
which are by the hypothesis mechanical.- for 
whatever laws hola good in relation to mov- 
ing matter in mass^ must operate in regard 
to each particle of that matter; the eifcct 
of the fiirmer, can only be a multiple of 
that of the latter. Indeed, one of Sir Hum- 
phrey Davy's reasons for thinking heat to 
consist of corpuscular motions is- that me- 
chanical attrition generates it. Surely then 
a motion, produced by mechanical means 
and whifji produces mechanical effects, may 
be estimated on mechanical principles. 

In the case cited above, the power of re- 
cipnical communication of hei^tin two fluids, 
isshowntobe inconsistent with the views 
of this ingenious theorist. If wc compare 
the same power in solidsytlie result will b« 



equally objectionable. Thus the heating 
power of glass being 443, that of an equid 
bulk of lead will be 487, tlwuffh so many 
times heavier; and if equal weights be com- 
pared, the effect of the ghuis, will be four 
times greater than that of the lead. If it be 
■aid, that the movements of theLdenser mat* 
ter are made in less space and therefore re- 
quire less motion, I answer that if they be 
made with equal velocity, they must go 
through equal space ih the same time^ 
their altematioiu» being more frequent 
And if they be not made with the same 
velocity, they eoukl not communicate to 
matter of a lighter kind, a heat equally gieat| 
since agreeably to experience no superiority 
of weight will enable a body, acting di- 
Kctlv on another to produce in it a motioii 

Suicker tlian iU own. Consistently with this 
octrine, the particles of an aeaferm tui% 
when the)r oppose a mechanical resistance, 
do it by aid of a certain movement, which 
causes tliem effectively to occupy a gieater 
space than when at rest. It is true, a body« 
by moving backwards and fbrwards, may 
keep off other bodies fW>m the ^ace in 
which it movesw Thus let a weight be par- 
tially counterbalanced by means of a scale 
beam, so that if left to itself it would de- 
scend gently. Place exactly under it another 
equally solid mass, on which tlie weight 
would ikil if unobstructed* If between the 
two bodies thus situated, a third be caused 
to undei^o an alternate motion, it may keep 
the upper weight from descending, pro- 
vided the force with which the latter de« 
seeiuls, be no greater than tliatof the move* 
ment in the hiterposed raass^ and the liMer 
acts with such celerity, that between each 
stroke the time be too small for the weight 
to move any sensible distance. Here then 
we have a case analagous to that supposed, 
in which the alternate movements or vibra- 
tiona of maftter enable it to preserve to it- 
self a greater space in opposition to a force 
impresMd; and it mnsl be evident that length- 
ening or shortening the extent of the vibra- 
tions of tlie interposed body, provided they 
are made in the same time, will increase 
#r dimtmsU the space apparently occupied 
by it, as the volume of substances is atf'ected 
by an increase or reduction of h^. It 
ought however to be recullected that in the 
case we have imagined, tliere is a constant 
expenditure of momentum to compensate 
for that generated in the weight by gravity^ 
during each vibration. In the vibrations 
conceived to constitute heat, there is n» 
generating power to make up for this loss* 
A body preserves the ^expansion cemmuni- 
cated by heat in vacuo, where, insulated 
from all other matter, the only momentum, 
by which the vibrations of it9 pait^cks caa 
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evidence of the materiality of cdoric, or at 
least place the proof of its existence and that 
of light, on the same fo»mdation. Tbat celc- 

be supported, roust have been received be- 
fore its being thus situated. If we pour 
mercury into a glass tube shaped like a 
shepherd's crook, the hook being down- 
vards, the fluid will be prevented from oc- 
cupying that part of the tube where the air 
it m such position as not to escape. In this 
case, acconling to the hypothesis in question, 
the mercury is prevented from enterina; the 
space the air occupies, by a aepts of im- 
palpable g>''ratory movements; so that the 
collision of tlie aerial particles against each 
other, caufies each to occupy a larger sliare 
of space in the manner above illustrated by 
the descending weight and interposed body. 
Tlie analogy will be greater, if we suppose a 
row of interposed bodies alternately striking 
against each other, and tlie descending 
Wfight; or we may imagine a vibration in 
M the particles of the interposed mass^ 
equal in aggregate extent and force to that 
o? the whole, when performing a common 
movement. If the aggregate extent of the 
vibration of the purticles very much exceed 
that which when performed In mass would 
be necessary to preserve a certain space, it 
may b^ supposed productive of a substance 
like the air by which the mercury is re- 
sisted. But whence is the momentum ade- 
quate in such rare m^dia to resist a pressure 
of a fixiid so heavy as mercury, which in 
this case performs a part similar to Uvit of 
the weight, cited for the purpose of illus- 
tration? If it be said that the mercury and 
glass being at the same temperature as the 
air, the particles of these substances vibrate^ 
in a manner to keep up the aerial pulsations;' 
I ask, when the expenment is tried in an 
exhausted receiver, what is to supply mo- 
mentum to the mercury and ^lass? There i« 
no small difficulty in conceiving under the 
most favourable circumstances, Uiat a spe- 
cies of motion, that exists accoitiing to the 
hypothesis as the CAUse of expansion in a 
heated solid, should cause a motion produc- 
tive of fluidity or vaporization, as when by 
means of a hot iron, we convert ice into 
water, and water into vapour. 

How inconceivable is it that the iron 
boilf r of a steam engine should give to the 
particlttB of water, a motion s(» totally idifler- 
ent from any it can itstlf possess, and at the 
same time capable of such wonderful eflects, 
as are produced by the agency of steam. 
Is it to be imagined that in purticles whose 
weight does not exceed a few ounces, suffi- 
cient momentum can be accumulated to 
move as many tons? Tliere appears to me 
another very serious obstacle to,tliis expla- 
nation of the nature of heat. How are we 
to account Hit its radiation in vacuo, which 
the difitinguished advocate of the hypothesis 
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brated attromvmer discovered that when si- 
milar thermometer* were placed in the dif- 
ferent parts of the solar beam, decomposed 
by the prism into the primitive colours, tliey 
indicated different temperatures. He esti- 
mates tlie power of heating in the red raVs, 
to be to that of the green rays, as 55, to 26, 
and to that of the violet rays as 55 to 16. 
And in a space beyond the red rays, where 
there is no visible Kght, the increase of 
temperature is greatest of all Thus, a 
thermometer in the full reel my roae 7° 
Fahr. in ten minutes; beyond the confines 
of the coloured beam eatirely, it rose in an 
equal time 9**. *. 

These experiments were repeated by Sir 
H. Englefield with similar results. Mr. Re- 
rartl, however, came to a somewhat diffe- 
rent conclusion. To reiwler his experiment s 
more certain, and their effects more sensible, 
this ingenious philosopher availed hrmaelf of 
the helioatat, an instrument by which the sim- 
beam can be steadily directed to one spot 
during the whole of its diurnal {period. He 
decomposed by a prism the sunbeam, re- 
flected from the mirror of the heliostat, and 
placed a sensible thermoineter in each of the 
seven coloured rays. The calorific faculty 
was found to increase progressively from the 
violet to the red portion of the 8pectrtim,in 
which the maxwium heat existed, and not 
beyond it, in the unilluminated space. The 
{greatest rise in the thermometer took place, 
while its bulb was still entirely covered by 
the last red ravs; and it was observed pro- 
gressively to sink as the bulb entered into 
Uie dark. Fin^dly, on placing the bulb quite 

has himself shown to ensue? There can be 
no motion without matter. To surmount 
this difficulty, he calls up a suggestion of 
Newton's, that the calorific vibrations of 
matter may send off radiant particles, which 
lose their own momentum m communicating 
vibrations to bodies remote from those, 
whence they emanate. Thus according to 
Sir Humphrey, there is radiant matter pro- 
ducing heat, and radiant matter producing 
light Now, the only serious objection made 
by him to the doctrine which considers 
heat as material, will apply equally against 
the existence of material calorific emana- 
« tioiis. lliat the cannon, heated by friction 
in the noted experiment of Uumford, would 
have radiatod as well as if heated in any other 
way, there can, 1 think, be no doubt; and at 
well in vacuo, as the heat excited by Sir 
Humphrey in a similar situation. That its 
emission in tins way would have been as 
inexhaustible as by the conducting pro- 
cess cuimot be questioned. Whv then is it 
not as easy to have an inexhaustible supply 
of heat as a material substance, as to have 
an inexhaustible supply of radiant ntatter, 
communicating the vibration^ in which he 
represents Iieikt to consivtf 
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0iU of the Tifible spectruniy whefeHencKel 

iixed the maximum of heat, the eleTationof 
its temperature above the ambient air was 
found* by M. Beraid, to be only one-iiflh of 
what it was in the extreme red ray. He af' 
terwards made similar experiments on tb« 
«louble spectrum produced by Iceland crys- 
tal, and also on pc^arized liid^t, and he found 
ill both cases that the calorific principle ac- 
companied tlie luminous molecules; and thajt 
in tlie portions where light ceased to be re- 
flected, heat also disappeared. 

Newton has shown tiiat the ^ifeapt re- 
frdkngibility of the rays of light ma^le ex- 
plained by supposing tliem composed of par- 
ticles diHering in sixe, the largest being al 
the red« and the smallest at the violet ex- 
tremity of the spectrum. The same great 
man has put tlie query. Whether light and 
Common matter are not convertible into each 
otherP and adopting the idea that the phe- 
nomena of sensible heat depend upon vibra- 
tions of the particles of bodies^ supposes that 
a certain intensity of vibrations may send oiF 
particles into free space; and that particles 
lu rapid motion in right lines, in losing their 
own motion, may communicate a vibratory, 
motion to the particles of terrestrial bodies* 
In this way we can readily conceive how 
the ted ra^s should impinge most forcibly» 
and therefore excite the greatest degree oC 
heat 

Enough has now been said to show how. 
flttle room there is to pronounce dogmatic 
decisions on the abstract nature of heat. If 
the essence of the cause be still involved m 
mystery* many of its properties and ejects 
have been ascertainetC and skilfully applied 
to tlie cultivaUdn of science and the uses of 
life.t 

■f We see the same matter, at different 
times, rendered self-attractive, or self-repel- 
lent; now cohering in the solid form with 
great tenacityg and now flying apart with 
explosive violence in the sute of vapour. 
Hence the existence^ in nature, d' two op. 
posite kinds ef reaction^ between particles, 
IS self evident There can be no property, 
without matter* in which it may be inher- 
ent. Nothing can have no property. The 
question then is, whether these opponto 
properties can belong to the same particles. 
Is it not evident, that the same particJes can- 
not, at the same time, be self-repellent, and 
aelt-attractive? Suppose them to be so^ one 
or the other must pn&dominate, and in that 
t;ase we should not perceive the existence 
of the other. It WQuld be useless, and the 
particles would in effect, possess the predo- 
minant |M\>perty alone, whether attraction 
or repulsion, u the properties were equal 
in power, they would annihilate each other, 
and the matter would be, as if void of ei- 
ther properly. Thete must, therefore, be 
a matter* in wbk^ the^ seff-repellent p»wcr 



We ihaU consider them in UiafbBbwray 

order: 

1. Of the measure of temperature. 

2. Of the distribution of heat. 

3. Of the general habitudes of heat witl| 
the different forms of matter. 

It will be convenient to make use of th9 
popular languaji^, and to speak of heat aa 
existing in bodies in greater or smaller auan« 
tities, without meaning thereby to decide ott 
the qoestbn of its nature. 

1. Of the measure of temperature. 

If a rod or ring of metal of eonsiderabfe 
size, which is fitted to an obbng or circular 
guage in its ordinary state, be moderately 
heated, it will be kiund, on applying it to 
^e cool guage, to have enlanged its dimen- 
sions. It is tlius that coachmskers enlarge 
their strong iron rims, so as to make tfaeni 
embrace and firmly bind, by their retractioii 
when cooled, the wooden fiame-woik of 
their wheels. 

Ample experience has proved, (iiat ho^ 
dies, by being prog^ssively heated, pro* 

resides, as well as matter in which altrMtioHi 
resides. 

There must also be as many kinds of mat- 
ter, as there are kinds of reptdsion, of whick 
the affinities, means of production, or law* 
of communication are different. Hence i 
do firmly believe in the existence of mate- 
rial fluids, severally f»oducing the pheno- 
mena of heat, light and electridtji« Sub- 
stances, endowed with attraction, make 
themselves known to us, by that species of 
this power, which we call gravitation, by 
which they ar6 drawn towards the earth, 
and are therefore heavy and called ponde* 
rable; by their resistance to our bodies, pro- 
ducing the sensation of feeling or touch; 
and by the vibrations or movements in other 
matter, affecting the ear with founds, ami 
the eye by a modified reflection of Uglit. 
Where we perceive none of these usual 
concomitants of matter, we are prone to in- 
fer its absence. Hence ignorant people have 
no idea of air, except in the state of wind» 
and when even in a quiescent state desi^^ 
nate it by this word. But that the princi- 
ples, the existence of which has been de* 
monstrated, should not be thus perceived* 
is &r from being a reason for doubting tfadur 
existence. A very slight attention to their 
qualities will make it evident, that they 
could not produce any of the effects, by* 
which the existence of matter in its ordina- 
ry form is recognised. The self-repellent 
property renders it impossible that they 
should resist penetration; their deficiency ai 
weight, renders tlieir momentum nugato- 
ry When in combination, they are not per- 
ceived, but the bodies with which they com- 
bine; and it is only by the changes they pro- 
duce ill such bodies, or their eflects upoif 
our nerves* that they caen bd detected- 
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ijf/ttnv^ iacfeue in bulk. On (his princi* 
pie are constnicted ^e various instnimenti 
for meaiurine temperature. If the body se- 
lected for indicaling, by its increase of bulk» 
0ie increase of heai^ suffered equal expan- 
sons by equal increments of tlie calorific 
power, then the instrument would be per- 
fect» and we should have a just thermometer, 
or pyrometer. But it is very doubtfiil whe- 
tiier any substance, solid, liquid, or triform, 
preserves this equable relation, between its 
increase of volume and increase of heat. 
The following quotation from a paper which 
the Royal Society did me the honour to 
publish in their Transactious for 1818, con- 
Teys my notions on this subject: 

'* I think it indeed highly probable, that 
every species of matter, both solid and 
fiquid, follows mi increasing rate in iu en- 
largement by cak>ric Each portion that 
enters into a body must weaken the antago- 
nist force, cohesion, and must therefore renw 
der more efficacious the operation of the 
next portion that is introduced. Let 1000 
represent the cohesive attraction at the com- 
mencement, then» after receiving one incre- 
ment of caloric, it will become 1000^ 1 
« 999. Since the next unit of that divel- 
lent ag«nt will have to combat only this di- 
minisMd cohesive force, it will produce an 
effect rreater than tiie first, in tbe propor- 
tion or 1000 to 999, and so oH in continued 
progression. That the inereasinff ratio is, 
nowever, greatlv less than Mr. Dalton main- 
tains, may, I think, be clearly demonstrated." 
P. 34. 

The chief object of the second chapter of 
that memoir, is the measure of temperature. 
The experiments on which the reasoning of 
that part is founded, were made in the years 
1812 and 1813, in the presence of many phi* 
losophical friends and pupils. By means of 
two admirable micrometer microscopes of 
Mr. Troughton's construction, attached to a 
peculiar pyrometer, I found, tliat between 
the temperatures of melting ice, and the 
540th degree Fahr.,the apparent elongations 
of rods of pure copper and iron correspond- 



ed panpduu with the indications of two mer* 
cunal tuemiometen of singular nicety, made 
by Mr. Crighton of Glasgow, one of whicti 
cost three guineas, and the other two, and 
they were compared with a very fine one 
of Mr I'ruughton's. 1 co/isider the above 
results, and others contained in that sanWP 
paper, as decisive against Mr. Dalton'a hy- 
pothetical^praduationoftliermometers. They 
were obtained and detailed in public lee- ' 
tures many years before the elaborate re- 
searches of Messrs. Petit and Dulong on tlie 
samejfliject appeared; and indeed tbe pa- 
per ma passed through Dr. Thomson's 
nands, to London, many months before the 
excellent disMrtation of the French phiio- 
sophefs was published, llieir memoir gain- 
ed a well-merited prize, voted by tJie Aca- 
demv of Sciences, on the 16th of March 
iai8. My paper was submitted tbe precede 
ing summer, in its finished state, to three 
pressors of the University of Glasgow, a9 
well as to Dr. Brewster aiid Dr. Murray. 

The researches of MM. Dulong and Petit 
are contained in tbe 7th volume of the 
Annales de Chimte et Physique. They 
commence with some historical details, in 
which they observe, <* that Bir. Dahon, con- 
sidering this question from a point of view- 
much more elevated, has endeavoured to 
establish general laws applicable to. the mea- 
surement of all temperatures. These laws* 
it must be acknowledged, form an imposing 
whole by their regularity and simplicity. 
Unfortunately, this skiUul philosopher pro- 
ceeded with too mucli rapidity to generalize 
his very ingenious notions, but which de- 
pended on uncertain d^ta. Tbe consequence 
IS, that there is scarcely one of his assertions 
but what is contrsdicted by the result of the 
researches, which we are now gomg to make 
known." M. Gay-Lussac hSi previously 
shown, that between the limits of freezing 
and boilinff water, a mercurial and air ther- 
mometer aid not present any sennble dis- 
cordance. The foilowhig table of MM. Du- 
long and Petit gives tlie results from nearly 
the freezing to the boiling point of mercury. 



TABLE of Compari$on of the Mercurial and Jiir Thermometer. 





Tcmpeimtvre indicated by tlM 

mereuriaL 


volt, of the Mune 
man of air. 


Temperature indieated by an air 

tlaermometer, oorreeted fur 

the dilatation of fflau. 




Centisr. 


Fahr. 


Centijr. 


Fahr. 




-^6^ 

100 
150 
200 
250 
300 
Boil]n^,360 


—32.8° 
+32. 

212 

302 

392 

482 

572 

680 


0.8650 
1.0000 
1.3750 
1^576 
1.7389 
1.9189 
2. 76 
2.3125 


—36.00° 
0.00 
100.00 
148.70 
197.05 
245.05 
292.70 
350 00 


—32.8° 
+32.0 
212.0 
299.66 
386.69 
475.09 
558.86 
662.00 
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The wen known uniformity in the prind- 
fnl physical properties ot' all the gases, and 
parttctiho^y the perfect identity tn the laws 
of their dilatation, render it very probable, 
that in this class of bodies the disturbing 
cau!ieR, to which I have adverted in my pa* 
per, have, lidt the same influence ss in solids 
and liquids; and that consequently tlie 
changes in volume produced by the action of 
heat upon air and gases, are more immedi^ 
-ately dependent upon the force which pro* 
<duccs them. It is therefore very probable, 
that the greatest number of the phenomena 
telating to heat will present themselves un« 
der a more sit^ple form, if we measure the 
temperatures bv an air thermometer. 

I coincide with these remarks of the Freneh 
chemists^ and think they were justified by 
jiich considerations to employ the scale oif 
an air tliermometer in their subsequent re- 
searches, which form the second part of 
tlieir memoir on the laws of the communi- 
cation of heat 

The boiling point of mercuiy, according 
to M M. Dulong and Petit^ measored by a 
true thermometer, is 662® of Fahr. degrees. 
Now by Mr. Crighton's thermometer the 
boiling point vH 656®, a difference of only 
6® in tifat prodigious range. Hence we see, 
as I pointed out in my paper, that there is a 
compensation product between the une- 
quable expansions of mercury and glan, and 
'^e lessening mass of mercury remaining in 
the bulb as the temperature rises whereby 
his thermometer becomes a true measurer of 
the increments of sensible caloric. From 
all the experiments which have been made 
with csre, we are safe in assuming the appa- 
rent expansion of mercury in glass to be 
1.63d part of its volume on an average for 
every 180® Fahr. between 32® and 662®, or 
through an interval of 7 times 90 degrees. 
Hence the apparent expannon in glass for 

the whole is, jZj - ^ - S? - 35® Fahr, 

Were the whole body of the thermome- 
ter, stem and bulb, immersed in boiling mer- 
cury, it would therefore indicate 35® more 
tlian itdoes when the bulb alone is immersed^ 
or it would mark nearly 691® by Ciighton. 
But the abstraction made of these Sr, in 
consequence of tlie bulb alone being im- 
mersed in the heated liquids, brings back 
the common mercurial scale, when well exe- 
cuted, near to the absolute and just scale of 
an air thermometer, corrected fer the ex- 
pansions of the containing glass. 

Dr. Thomson in his Annals for March, 
1819, has, in his account of my paper, ha- 
zarded^ some remarks on this subject, which 
it will be necessary merely to quote in order 
to see their futility: ''From Mr. Crighton's 
mode of graduating thermometers," says he, 
"it is obvious that in the higher parts of the 
scale the degrees are below the tnith. Thus 
mercury boils, as determined by his thermo- 
meters, at 556®, the real boihng point, as 



dcteiroined by Diik>ng and PetH, Is 
It is probable that Dr. Ure also employed a 
thermometer, made by Crighton. But it is 
unlikely that it should be better than mine» 
as Mr. Crighton was at great pains to make 
mine as correct as possible, anid I paid him a 
high price for it/' Bluking due allowance 
for the obtimie censure of this insinuation, 
as well as tor the typog^phical error of 
580® instetui of 686®, it is obvious that 
Dr. Thomson has misunderstood the merits 
of the discussion. The real temperature 
of boiling mercuiy by Dulong and Petit is 
662® F.; the opfHU'ent temperature, measur- 
ed by mercury in glass, both heated to the 
boiling point of the former, is 680®. But 
the latter is a false indication, and Mr. 
Crighton's compensated number 656® is 
?ery near the truth. We may therefore con- 
aider a well made mercurial thermometer as 
a sufficiently just measurer of temperature. 
For its construction and graduation, seo 

TaXBMOXXTXB. 

2. Of the distribution of heat 

This head naturally divides into two parts;' 
first, the modes of distribution, or the kws of 
cooling, and the communication of heftfe 
among aeriform, liquid, and solid substance^ 
and, secondly, die specific heats of difierent 
bodies at the same and at difierent tempe- 
ratures. 

The first views relative to the laws of the 
communication of heat are to be found in 
the oputeiUa of Newton. This great philo- 
sopher assumes a pricfif that a heated body 
exposed to a constant cooling cause, such as 
the uniform action of a current of air, ought 
to lose at each instant a quantity of hea^ 
proportional to the excess of its temperature 
above that of the ambient air; and thatcon« 
sequently its losses of heat in equal and suc- 
cessive portions of time ought to form a de- 
creasing geometrical progression. Though 
Martin, in his Essays on Heat, pointed out 
long ago the inaccuracy of the preceding 
law, which indeed could not fail to strike 
any person, as it struck me forcibly the mo- 
ment that 1 watched the prog^ssive cooling 
of a sphere of oil which had been heated to 
the 500th deme, yet the profx^ition has 
been passed m>m one systematist to an»> 
ther without contradiction. 

Erxleben proved, by very accurate obser- 
vations, that the deviation of the supposed 
law increases more and more as we consider 
greater difierences of temperatures; and con- 
cludes that we should fall into very great 
errors if we extended the law much beyond 
the temperature at which it has been veri- 
fied. Yet Mr. Leslie since, in his ingenious 
rcsear&nis on heat, has made this law the 
basis of several determinations, whidi from 
that very cause are inaccurate, as has been 
proved by Dulong and Petit At length 
these gentlemen have investigated the true 
la^ in a masterly mamier. 
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• Ifkeii « boSy cools {« imkiio, itt host it 
«litirefy dinipated by ndiation. When it is 
l^aoed in air, or in any other fluid, its cool- 
iqr becomes more rapid, the heat carried 
«ff by the fluid being in that case added to 
1fe«t which is dissipated by radiation. It is 
natural therefore to distin^iish these two 
effects; and as they are subject in all proba- 
bility to different law8> they ought to be 
4eparstely studied. 

MM. Dulong and Petit employed in this 
i^search mercurial thermometers, whose 
liulbs were from 0.8 of an inch to 2.6; Uie 
latter containing aboutthree lbs. of mercury. 
They found by preliminaty trials, that the 
fwHo of cooling was not affected by the siie 
of the bulb, and that it held also in compari- 
sons of mercury, with water, with absolute 
alcohol, and with sulphuric acid, throu^ a 
Mnge of temperature, from 60 to 30 of the 
«entirrade sixde; so tliat the ratio of the 
velocitT of cooling between 60 and 50, and 
40 and 30, was sensibly tiie same. On 
•ooling water in tin plate, and in a glass 
sphere, they found the law of cooling to be 
more rapid in the former, at tempenitui*eB 
under the boiling point; but by a very re- 
markable casualty, the contrary effect takes 
place in bodies heated to hi^h temperatures, 
when the law of cooling in tin plate becomes 
least rapid. Hence, generally, that which 
cools by a most rapid law at the lower part 
0f the scale, becomes the least rapid at high 
temperatures. 

** Mr. Leslie obtained such inaccurate re- 
sults respecting this question, because he did 
not make experiments on the cooling of bo- 
dies raised to hi^h temperatures," say MM. 
Biiiong and Petit, who terminate their preH^ 
minary researches by experiments on the 
ciooiing of water in three tin-plate vessels of 
the same capacity, the flrst of which was a 
sphere^ the second and Uiird cylinders; from 
which we leani that the law of cooling is 
not affected by the difference of shape. 

The researches on cooling in a vacuum 
were made with an exhausted balloon; and 
a compensation was calculated for the mi- 
nute quantity of residuary gas. The foUow- 
ilig series was obtained when the balloon 
it'as surrounded with ice. The degrees are 
c^tigrade. 

Kxcess of the therm. Corresponding vc- 

above the balloon. locities of cooSng. 

240<> 10.69 

!220 8.81 

200 7.40 

180 €.10 

160 4.89 

140 3 88 

120 3.0% 

100 2.30 

80 1.74 

The first column contains Ihe excesses of 

temperature above the walls of the balloon; 

that is'to say, the temperatures themselves, 

since the balloon was at 0^. The second co- 
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Irnmi contains Uie corresponding rek»cttic» of 
Cooling, calculated and corrected. Tltese ve;. 
locities are the numbers of degrees that the 
thermometer would rink in a minute, llic 
first series'shows clearly the inaccuracy of the 
geometrical law of liichmann; for according 
to that law, the velocity of cooling at 2u(r 
shoukl be double of that at lOO**; whereas 
weffind it as 7.4 to 2.3, or more tlian triple^ 
and in Kke numner, wlien we compare the 
loss of heat at 240° and at QfPy we find the 
first about 6 times greater than tlie last; 
while, accordmg to the law of I^chmann, it 
ought to be merely triple. From the above 
and some analogous experiments, the fol- 
lowing law has been deduced: Jf'hen a bodtj 
em>b in vacuo mrrmmded by a me<Uum tchose 
UmpertOurt is amstant, th$ velocity of coolinf^ 
for exeeta of temperaiure in mitkmetical pro- 
gression, inereasei as the terms of a geometrir 
eat progrtstiont din^nisked by a certain quath- 
tity. <>r, expressed in algebraic language, 
tlte following equation cuntains the law of 

e t 
cooling in vaaio: V ^^ m.a {a — I). 

« is the temperature of the substance stir- 
rounding the vacuum; and f that of ttie heated 
body above the former. The ratio a of this 
progression is easily found for the thermome- 
ter, whose cooling is recorded above; for 
wlien d augments by 20**, t remaining the 
same, tlie velocity of cooling is then muki- 
plicd by 1.165; which number is the mean 
of all the ratios experimental^ determined* 



We have then a — \/ l.ioa — 1.0077. 

It only remains, in order to verify the ac- 
cumcy of tliis law, to compare it with the 
different series contained in tlie table insert* 
ed above. In that case, m whidi the sur- 
rounding medium was 0°, it is necessary ts 
n 

make m — 2.037, form «* , and n ii 

log. a 
an intermediate number; we have: then T 

t 
- 2.037 (a — 1). 

Excesses of temp. Values of Values of V 
er vaiuesoft V observed, calculatedi 
240* 10.69 10.68 

330 8.81 8.89 

300 7.40 734 

160 6.10 6.03 

160 4.89 487 

140 3.88 3.89 

120 3.02 3.05 

IQO 2.30 2.33 

80 1.74 172 

The laws of coofing in vocim being known, 
nothing is more simple than to separate 
from the total cooling of a body surrounded 
with air, or With any other gas, the portion 
of the effect due to the contact of the fluid. 
For this, it is obviously sufficient to sub- 
tract from the real velocities of cooling, 
those velocities which would take place iC 
the body cMeris paribus were placed in vt^ 
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ciM. This sabtnetion nay be easily accom- 
plished now that we have a formula^ which 
represents this velocity with great preci- 
sion, and for all possible cases. 

From namerous experimental compari- 
sons the following" law was deduced: The 
velocity ofcooUng of a body, oviing to the sole 
contact •f a g'cu, depends for the same excess 
of temperature, on the density and tempera' 
ture of the Jiuid; but this dependence is such^ 
that the velocity of cooling" remains the same, 
if the density and the temperature of the gas 
change in such a -way that the elasticity re- 
mains constant. 

If we call P the cooling power of air un- 
der the pressure^, this power will become 
F (1.366) under a pressure 2p,' P (1.566)» 
under a pressure 4^/ and under a pressure 

ft »i P' 

^ 2 , it will be P (1.366) . Hence ^ =» 

P 



iO AS 



for hydrogen, -p 



. We shall find in the same way 



For carbonic acid« the exponent will be 
0.517, and for olefiant gas 0.501, while for 
air as we see it is 0.45. These last three 
numbers differing little from 0.5 or j, we 
may say that in the aeriform bodies to which 
they belong, the cooling power is nearly 
as Uie square root of the elasticity. " If 
we compare the law which we have thus 
announced," say MM. Dulong and Petit, 
** with the approximations of Leslie and 
Dalton, we shall be able to judge of the 
errors into which they have been led by the 
inaccurate suppositions which serve as the 
basis of all their calculations, and by the 
little precision attainable by the methods 
which they have followed." But for these 
discussions, we must refer to the memoir 
itself. 

The influence of the nature of the sur- 
face of bodies in the distribution of heat, 
was first accurately examined by Mr. Les- 
lie. This branch of the subject is usually 
called the radiation of caloric. To measure 
the amount of this influence with precision, 
he contrived a peculiar instrument, called 
a differential thermometer. It consists of a 
glass tube, bent into the form of the letter 
U, terminated at each end with a bulb. The 
bore is about the size of that of large ther- 
mometers, and the bulbs have a diameter 
of l-3d of an inch and upwards. Before 
hermetically closingthe instrument, a small 
portion of sulphuric acid, tinged with car- 
mine is introduced. The adjustment of this 
liquid so as to make it stand at the top of 
one of the stems, immediately below the 
bulb, requires dexterity in the operator. 
Tothis-stema scale divided into 100 parts- 

Vol. I. 



is attached, and the instrument is theft fixed 
upright by a little cement on a wooden sole. 
If the finger, or any body warmer than the 
ambient air, be applied to one of these bulbs, 
the air within will be healed, and will of 
course expand, and issuing in part from the 
bulb, depress before it the tinged liquor. 
The amount of tliis depression observed 
upon the scale, will denote the difference 
of temperature of the two balls. But if the 
instrument be merely carried without touch- 
ing either ball, from a warmer to a cooler, 
or from a cooler to a warmer air, or me- 
dium of any kind, it will not be affected; 
because the equality of contraction or ex- 
pansion in the enclosed air of both bulbs, 
will maintain the equilibrium of the liquid 
in the stem. Being thus independent of the 
fluctuations of the surrounding medium, it 
is well adapted to measure the calorific 
emanations of different surfaces, success- 
ively converged by a concave reflector, 
upon one of its bulbs. Dr. Howard has de- 
scribed, in the 16th number of the Journal 
of Science, a differential thermometer of 
his contrivance, which he conceives to pos- 
sess some advantages. Its form is an imi- 
tation of Mr. Leslie's; but it contains mere* 
ly tinged alcohol, or ether, the air being 
expelled by ebullition i)revious to the ber- 
metical closure of the instrument. The va- 
pour of ether, or of spirit in vacuo, afibrds, 
he finds, a test of superior delicacy to air. 
He makes the two legs of different lengths; 
since it is in some cases very convenient to 
have the one bulb standing quite aloof from 
the other. In Mr. Leslie's, when they are 
on the same level, their distance asunder 
varies from l-3d of an irich to 1 or up- 
wards, according to the size of the instru- 
ment. The general length of the legs of 
the syphon is about 5 or 6 inches. 

His reflecting mirrors, of about 14 inches 
diameter, consisted of planished tin-plate, 
hammered into a parabolical form by the 
guidance of a curvilinear guuge. A hollow 
tin vessel, 6 inches cube, was the usual 
source of calorific emanation in his experi- 
ments. He coated one of its sides with 
lampblack, another with paper, a third with 
glass, and a fourth was left bare. Having 
Uien filled it with hot water, and set it in the 
line of the axis, and 4 or 6 feet in front of 
one of the mirrors, in whose focus the bulb 
of a differential thermometer stood, he 
noted the depression of the coloured licj^uid 
produced on presenting the different sides 
of the cube towards the mirror in succes- 
sion. The following table gives a general 
view of the results, with these, and other 
coatings: 

Lampblack, - - 100 

Water by estimate, - 100 -f 

Writing paper, - - 98 

Rosin, - - - 96 

29 
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Sealing^ wax. 




95 


Crown glass. 




90 


China ink. 




88 


Ice, 




85 


Red lead. 




80 


Plumbago, 




75 


Isinglass, 




75 


Tarnished lead. 




45 


Mercury, 




20 + 


Clean lead. 




19 


Iron polished. 




15 


Tin plate. 




12 


Gold, Silver, Copper, 


12 



Similar results were obtained by Leslie 
and Rumford in a simpler form. Vessels 
of similar shapes and capacities, but of dif- 
ferent materials, were filled with hot li- 
quids, and their rates of refrigeration no- 
ted. A blackened tin globe cooled a certain 
. number of degrees in 81 minutes; while a 
bright one took nearly double the time, or 
156 minutes; a naked brass cylinder in 55 
minutes cooled ten degrees, while its fellow 
cased in linen, was 36^ minutes in cooling 
the same quantity. If rapid motions be ex- 
cited in the air, the difference of cooling 
between bright and dark metallic surfaces 
becomes less manifest. Mr. Leslie esti- 
mates the diminution of effect from a ra- 
diating surface to be directly as its dis- 
tance, so that double the distance gives 
one-half, and treble one-third of the primi- 
tive heJkting impression on thermometers 
and other bodies. Some of his experi- 
ments do not seem in accordance with this 
simple law. One would have expected cer- 
tainly, that, like light, electricity, and other 
qualities emanating from a centre, its di- 
minution of intensity would have been as 
the square of the distance; and particular- 
ly as Mr. Leslie found the usual analogy of 
the sine of inclinatioD to hold, in prettent- 
ing the faces of the tube to the plane of 
the mirror under different angles of obli- 
quity. 

Some practical lessons tfvw fi-om the pre- 
ceding results. Since brigjitmetals projecv 
heat most feebly, vessels whi6h are intend- 
ed to retain their heat, as tea and coffee- 
pots, should be made of bright and polish- 
ed metals. Steam-pipes intended tg convey 
heat to a distant apartment, should be like- 
wise bright in their course, but darkened 
when they reach their destination. 

By coating the bulb of his thermometer 
with different substances, Mr. Leslie inge- 
Diously discovered the power of different 
surfaces to absorb heat; and he found this 
to follow the same order as the radiating 
or projecting quality. The same film of 
silver leaf which obstructs the egress of 
heat from a body to those surrounding it, 
prevents it from receiving their calorific 
emanations in return. On this principle we 
can understand how a metallic mirror 



placed before a fire, should scorch sub. 

stances in its focus, while itself remains 
cold; and, on the other hand, how a mirror 
of darkened or even of silvered glass* 
should become intolerably hot to the touch, 
while it throws little heat before it From 
this absorbent faculty it comes, that a thia 
pane of glass intercepts almost the whole 
beat of a blaiing fire, while the light is 
scarcely diminished across it. By degrees 
indeed, itself becoming heated, constitutes 
a new focus of emanation, but still the ener- 
gy of the fire is greatly interrupted. Hence 
also we see why the thinnest sheet of bright 
tin-foil is a perfect fire-screen; so impervi- 
ous indeed to beat, that with a masque 
coated with it, our face may encounter 
without inconvenience, the blaze of a glass- 
bouse furnace. 

Since absorption of heat goes hand in 
hand with radiation in the above table, we 
perceive that the inverse of absorption, 
that is reflection, must be possessed in in- 
verse powers by the diiferent substances 
composing the list. Thus bright metals re- 
flect most heat, and so on upwards in buo 
cession. 

Mr. Leslie is anxious to prove that elas- 
tic fluids, by their pulsatory undulations^ 
are the media of the projection or radiation 
of heat: and that therefore liquids, as well 
as a perfect vacituin, should obstruct the 
operation of this faculty. The laws of the 
cooling of bodies in vacuo, experimentally 
established by MM. Dulong and Petit, are 
fatal to Mr. Leslie's hypothesis, which in- 
deed was not tenable against the numerous 
objections which had previously assailed 
it. The following beautiful experiment of 
Sir H. Davy seems alone to settle tlie ques- 
tion. He had an apparatus made, by which 
platina wire could be heated in any elas- 
tic medium or tit vacuog and by which the 
effects of radiation could be distinctly ex- 
hibited by two mirrors, the heat being ex- 
cited by a voltaic battery. In several expe- 
riments in which the same powers were 
employed to produce the ignition, it was 
found that the temperature of a thermo- 
meter rose nearly three times as much in 
the focus of radiation, when the air in the 
receiver was exhausted to yj^i as when it 
was in its natural state of condensation. 
The cooling power, by contact of tlie rare- 
fied air, was much less than tliat of the air 
in its common state, for the glow of the 
platina was more intense in the first case 
than in the last; and this circumstance per- 
haps renders the experiment not altoge- 
ther decisive, but the results seem favour- 
able to the idea, that the terrestrial radia- 
tion of heat is not dependent upon any 
motions or affections of the atmosphere. 
The plane of the two mirrors Was placed 
parallel to the horizon, the ignited body 
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hetng in the focus of the upper, and the 
thermometep in that of the under mirror. 
It is evident that a diminished density of 
the elastic medium, amounting^ to x|tj-» 
should, on Mr. Leslie's views, have occa- 
sioned a g^atly diminished temperature 
in the inferior focus, and not a threefold 
increase, as happened; making every al- 
lowance for the diminished intensity of 
(flow resulting from the cooling power of 
atmospheric air. The experiments with 
screens of glass, paper, &c. which Mr. 
Leslie adduced in support of his undula- 
tory hypothesis, have been since confront- 
ed with the experiments on screens of Dr. 
Delaroche, who, by varying them, obtain- 
ed results incompatible with Mr. Leslie's 
views, and favourable to those on the inti- 
mate connexion between light and heat, 
with which our account of heat was pre- 
faced. Me shows that invisible radiant heat, 
in some circumstances, passes directly 
through glass, in a quantity so much great- 
er relative to the whole radiation, as the 
temperature of the source of heat is more 
elevated. The following table shows the 
ratio between the rays passing through 
clear glass, and the rays acting on the 
thermometer, when no screen was inter- 
posed, at successive temperatures. 

Temperature Raya tranamit- Total 

of the hot body ted through the Raya, 

in the ficu%» glaaa screen. • 

357*" 10*» 263* 

65S 10 139 

800 10 75 

ireo 10 34 

Argand's lamp with- 
out its chimney, 10 39 
Do. with glass chimney, 10 18 
He next shows that the calorific rays which 
have already passed through a screen of 
gtas8« experience, in passing through a se- 
cond glass screen of a similar nature, a 
much smaller diminution of their intensity 
than they did in passing through the first 
screen; and that the rays emitted by a hot 
body differ from each other in their faculty 
to pass through glass; that a thick glass, 
though as much as, or more permeable to 
light tfian a thin glass of worse quality, 
allows a much smaller quantity of radiant 
heat to pass, the difference being so much 
the less, the higher the temperature of the 
radiating source. This curious fact, that 
radiating heat becomes more and more 
capable of penetrating glass, as the tem- 
perature increases, till at a certain tempe- 
rature the rays become luminous, leads to 
the notion that heat is nothing else than a 
modification of light, or that the two sub- 
stances are capable of passing into each 
other. Dr. Delaroche's last proposition is, 
that Uie quantity of heat which a hot body 



yields in a given time by radiation to a 
cold body situated at a distance, increases 
c^teria paribus, in a greater ratio than the 
excess of temperature of the first body 
above the second. This proposition, which 
Dr. Thomson declared in his Annals, vol. 
ii. p. 102. to be ** somewhat puzzling," is 
in philosophical accordance with the laws 
of Dulong and Petit. 

For some additional facts on radiation, 
see Light, to which subject indeed, the 
whole discussion probably belongs. 

Even ice, which appears so cold to the 
organs of touch, would become a focus of 
heat if transported into a chamber where 
the temperature of the air was at 0* P.; 
and a mass of melting ice placed before 
the mirror, would affect the bulb of the 
thermometer, just as the cube of heated 
water did. A mixture of snow and salt at 
0°. would in like manner become a warm 
body when carried into an atmosphere at 
—40®. In all thisL as well as in our sensa- 
tions, we see nothing absolute, nothing but 
mere differences. We are thus led to con- 
sider all bodies as projecting heat at every 
temperature, but with unequal intensities, 
according to their nature, their surfaces, 
and their temperature. The constancy or 
steadiness of the temperature of a body, 
will consist in the equality of the quan- 
tities of radiating caloric which it emits 
and receives in an equal time, and the 
equality of temperature between several 
bodies which influence one another by their 
mutual radiation, will consist in the per- 
fect compensation of the momentary inter- 
changes effected among one and all. Such 
is the ingenious principle of a niovp.ible 
equilibrium, proposed by Professor Pre- 
vost, a principle whose application, direct- 
ed with discretion, and combined with th« 
properties peculiar to different surfaces, 
explains all the phenomena which we ob- 
serve in the distribution of radiating calo* 
ric. Thus, when we put a ball of snow in 
the focus of one concave mirror, and a 
thermometer in that of an opposite mirror 
placed at some distance, we perceive the 
temperature instantly to fall, as if there 
were a real radiation of frigorific particles, 
according to the ancient notion. The true 
explanation is derived from the abstrac- 
tion of that return of heat which the ther- 
- moscope mirror had previously derived 
from the one now influenced by the snow, 
and now participating in its inferior radi- 
ating tension. Thus, also a black body 
placed in the focus of one mirror, would 
diminish the light in the focus of the other; 
and, as Sir H. Davy happily remarks, the 
eye is, to the rays producing light, a mear 
aure, similar to that which the the£mome- 
ter is to rays producing heat. 

This interchange of heat is finely exem» 
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piffled in the relation which subsitts be- in the stem felU and ^iaes with evei^ius^ 

tween any portion of the sky and the tem^ sing cloud. Dr. Howard's modification of 

perature of the subjacent surface of the the thermoscope would answer well here^ 

earth. In the year 1788 Mr. Six of Canter- The diffusion ofheatamong^ the particles 

bury mentioned, in a paper transmitted to of fluids them8eli>e»,^ depends upon their 

the Royal Society, that on clear and dewy specific gravity and specific heat conjunct 



nights he always found the mercury lower 
in a thermometer laid upon the ground, 
in a meadow in his neighbourhood, than it 
was in a similar thermometer suspended 
in the air 6 feet above the former; and that 



ly, and therefore must vary for each paF>- 
ticular substance. The mobility of the par- 
ticles in a fluid, and their reciprocal inde- 
pendence on one another, permit them to 
change their places whenever they are co- 



upon one night the difference amounted panded or contracted by alternations of 
to5** of Fahrenheit's scale. And Dr. Wells, temperature; and hence the immediate and 
in autumn 1811, on laying a thermometer inevitable effect of communicating heat to 
upon grass wet with dew, and suspending the under stratum of a fluid mass, or of abr 
a second in the air 2 feet above the sur- stracting it from the upper stratum, is to 
face, found in an hour afterwards, that the determine a senes of intestine movements, 
former stood 8® lower than the latter. He The colder particles, by their superior den- 
at first regarded this coldness of the sur- sity, descend in a perpetual current, and 
face to be the effect of the evaporation of force upwards those rarefied by the heat, 
the moisture, but subsequent observations When however the upper stratum prvnarp- 
and experiments convinced him, that the ly acquires an elevated temperature,* it 
cold was not the eff'ect, but the cawe of seems to have little power of imparting 
deposition of dew. Unde#a cloudless sky, heat to the subjacent strata of fluid parti- 
the earth projects its heat without return, cles. Water may be kept long in ebullition 
into empty space; but a canopy^ of cloud is at the surface of a vessel, while the bottom 
a concave mirror, which restores the equi- remains ice cold, provided we take mea- 
librium by counter-radiation. See Dew. , sures to prevent the heat passing dowii- 
. On this principle Professor Leslie has wards through the sides of the vessel itself, 
constructed a pretty instrument, which he Count Rumford became so strongly per- 
calls JSthrioscope, whose function it is to suaded of the impossibility of communica- 
denote the clearness and coolness of the ting heat downwards through fluid parti- 
sky. It consists of a polished metallic cup, cles, that he regarded them as utterly des- 
of an oblong spheroidal shape; very like a titute of the faculty of transmitting that 
silver porter-cup, standing upright, with the power from one to another, and capable of 



bulb of a differential thermometer placed 
in its axis, and the stem lying parallel to 
the stalk of the cup. The other ball is gilt, 
'and turned outwards and upwards, so as 
to rest against the side of the vessel. The 
best form of the cup is an ellipsoid, whose 
eccentricity is equal to half the transverse 
axis, and the focus consequently placed at 
the third part of the whole height of the 
cavity; while the diameter of the thermos- 
cope ball should be nearly the third part 
of the orifice of the cup. A lid of the same 
thin metal unpohshed, is fitted to the 
mouth of the cup, and removed only when 



acquiring heat, only in individual rotation 
and directly, from a foreign source. The 
proposition thus absolutely announced is 
absurd, for we know that by intermixtnie 
and many other modes, fluid particles im- 
part heat to each other; and experiments 
have been instituted, which prove the ac- 
tual descent of beat through fluids by cofii- 
munication from one stratum to another. 
3ut unquestionably this communication is 
amazingly difiicuU and slow. We are hence 
led to conceive, that it is an actual eonUct 
of particles, which in the solid condition 
facilitates the transmission of heat so 



an observation is to be made. The scale at- speedily from point to point through their 
tached to the stem of the thermoscope, mass. This contact of certain poles in the 



may extend to 60 or 70 millesimal degrees 
above the zero, and about 15 degrees be- 
low it. 

This instrument exposed to the open air 
in clear weather, will at all times, both dur- 
ing the day and the night, " indicate an im- 
pression of cold shot downward from the 
higher regions," in the figurative language 



molecules, is perfectly consistent with void 
spaces, in which these molecules may alide 
over each other in every direction; by 
which movements ot condensations, heMt 
may be excited. The fluid condition reverta 
or averts the touching and cohering.poles, 
whence mobility results. This atatenient 
may be viewed either as a representation 



of the inventor. Yet the effect varies ex- of facts, or an hypothesis to -aid conoep- 

ceedingly. It is greatest while the sky has tion. 

the pure azure hue; itdiminisbes fast as the Since the diffusion of heat through a 

atmosphere becomes loaded with spreading fluid mass is accomplished almost solely 

elouds; and it is almost extinguished when by the intestine currents, whatever ob- 

)ov fogs settle on the surface. The liquid structs these must obstruct the chuigt of 
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tenperaluce. Heiioe .fliuda iiutormin^ed 
with porous matter^ such as silk, wool, cot- 
ton, downs, fur, hair, starch, mucilage, &c. 
are more slowly cooled than in their pure 
and limpid state. Hence apple-tarts and 
pottages retain their heat very long, in 
comparison of the same bulk of water heat- 
ed to the same degree, and exposed in 
similar covered vessels to the cool air. Of 
the conducting power of gaseous bodies, 
we have already taken a view. I know of no 
experiments which have satisfactorily de- 
termined in numbers, the relative conduct- 
ing power of liquids. Mercury for a liquid, 
possesses a high conducting faculty, due 
to its density and metalUc nature, and 
small specific heat. 

' The transmission of heat through solids 
"^as made the subject of some pleasing po- 
pular experiments by Dr, Ingenhausz. He 
took a number of metallic rods of the same 
length and thickness, and having coated 
one of the ends of them for a few inches 
Vith bees wax, he plunged their other ends 
into a heated liquid. The heat travelled on- 
wards among the matter of each rod, and 
soon became manifest by the softening of 
the wax. The following is the order in 
which the wax melted; and according to 
that experiment, therefore, the order of 
conducting power relative to heat. 

1. Silver. 

2. Gold. . 

Platinum, 

Iron, 

Steel, 4 

l^ad, ) 

In my repetition of the experiment, I 
found silver by much the best conductor, 
next copper, then brass, iron, tin, much 
the same, then cast iron, next zinc, and 
l»st of all, lead. Dense stones follow metals 
in oofidueting power, then bricks, pottery. 
Slid at a long interval, g^ass. A rod of this 
singular body may be held in the fingers 
for a long time, at a distance of an inch 
from where it is ignited and fused by the 
blow-pipe. It is owing to the inferior con- 
ducting power of stone, pottery* glass, 
and cast iron, that the sudden application 
of he«t so readily cracks them. The part 
acted on by the caloric expands, while the 
adjacent parts retaining their pristine form 
and volume, do not accommodate them- 
selves to the change; whence a fissure must 
necessarily ensue. Woods and bones are 
better conductors than glass; but the pro- 
gress of heat in them at elevated tempera- 
tures, may be uded by the vaporization of 
their juices. Charcoal and saw -dust rank 
^rery low in conducting power. Hence the 
former is ^admirably fitted for arresting the 
^dispcrsion tif heat in metal furnaces. If the 



\ much inferior to 
the others. 
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sides of these be formed of doaUe plsles^ 
with an interval betweemthem of an inch 
filled with pounded charcoal, an intense, 
heat may exist within, while the outside is 
scarcely affected, Morveau has rated the 
conducting power of charcoal to that of 
fine sand, as 2 to 3, a difference much too 
small. Spongy organic substances, silk, 
WQj>l, cotton, &c. are still worse conduct- 
ors than any of the above substances; and 
the finer the fibres, the less conducting 
power they possess. The theory of clothing 
depends on this principle. The heat gene- 
rated by the animal powers, is accumula* 
ted round the body by the imperfect con- 
ductors of which clotliing is composed. 

To discover the exact law of the distri- 
bution of heat in solids, let us take a -pris- 
matic bar of iron, three feet long, and \rith 
a drill form tliree cavities in one of its 
sides, at 10, 20, and 30 inches from its end, 
each cavity capable of receiving a little 
mercury, and the small bulb of a delicate 
thermometer. Cut a hole fitting exactly the 
prismic bar, in the middle of a sheet of 
tin-plate, which is then to be fixed to the 
bar, to screen it and the thermometer, 
from the focus of heat. Immerse the ex- 
tremity of the bar obliquely into oil or 
mercury lieated to any known degree, and 
place the thermometers in their cavities 
surrounded with a little mercury. Or the 
bar may be kept horizontal, if an inch or 
two at its end. be incurvated, at right an- 
gles to its length. Call the thermometers 
A, B, C. Were there no dissipation of the 
heat, each thermometer Would continue to 
mount till it attained the temperature of 
the source of beat. But in actual experi- 
ments, projection and aerial currents mo- 
dify that result, making the thermometers 
rise more slowly, and preventing them 
from ever reaching the temperature of the 
end of the bar. Their state becomes in- 
deed stationary whenever the excess of 
temperature, each instant communicated 
by the preceding section of the bar, merely 
compensates what they lose by the contact 
of the succeeding section of the bar, and 
the other outlets of heat. The three ther- 
mometers now indicate three steady tem- 
peratures, but in diminishing progressiofi. 
In forming an equation from the experi- 
mental results, M. Laplace has shown, that 
the difficulties of the calculation can be re- 
moved only by admitting, tiiat a deter- 
minate point is influenced not only by those 
points which touch it, but 'by others at a 
small distance before and behind it. Then 
the laws of homogeneity, to which differ- 
entials are subject, are re-established, and 
all the rules of tlie differential calculus are 
observed. Now, in order that the calorific 
infiuence may thus extend to a distance in 
the interior of the bar, there must epcralft 
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throag'h the Tety substance of the solid ele- 
itients a true radiation, ana1ogt>U8 to that 
observed in air, but whose sensible influ- 
ence is bounded to distances incomparably 
smaller. This result is in no respect impro- 
bable. In fact, Newton has taug^ht us, that 
all bodies, even the most opaque, become 
transparent when rendered sufficiently 
diinj and the most exact researches on ta- 
diating* caloric, prove that it does not eman- 
ate solely from the external surface of bo- 
dies, but also from material particles situa- 
ted within this surface, becoming no doubt 
msensible at a very slight depth, which 
probably varies in the same body, with its 
temperature. 

M. Biot, M. Fourier, and M. Poisson, 
three of the most eminent mathematicians 
and philosophers of the age, have distin- 
guished themselves in this abstruse inves- 
tigation. The following is the formula of 
M. Biot, when one end of the bar is mwn- 
tained at a constant temperature, and the 
other is so remote as to make the influ- 
ence of the source insensible. Let y repre- 
sent, in degrees of the thermometer, the 
temperature of the air by which the bar is 
surrounded; let the temperature of the fo- 
cus be y -f- Y; then the integral becomes, 

log.y = log.Y~^V'IT 

y is the distance from the hot end of the 
bar; a and b are two coefficients, supposed 
constant for the whole length of the bar, 
which serve to accommodate the formula 
to every possible case, and which must be 
assigned in such case, agreeably to two ob- 
servations. M is the modulus of the or- 
dinary logarithmic tables, or the number 
3.303585. M. Biot presents several tables 
of observations, in which sometimes 8, and 
. sometimes 14 thermometers were appKecT 
all at once to successive points of the bar; 
and then he computes by the above formu- 
la, what ought to be the temperature of 
these successive points, having g^ven the 
temperature of the source; and vice ver$a, 
what should be the temperature of the 
source from the indications of the ther- 
mometers. A perfect accordance is shown 
to exist between fact and theory. Whence 
we may regard the view opened up by the 
latter, as a true representation of the con- 
dition of the bar. With regard to the ap- 
plication of this theorem, to discover for 
example, the temperature of a fui*nace, by 
thrusting the end of a thermoscopic iron 
bar into it, we must regret its insufficiency. 
M. Biot himself after showing its exact co- 
incidence at all temperatures, up to that 
of melting lead, declares that it ought not 
to apply at high heats. But I see no diffi- 
culty in making a very useful instrument 
of this kind, by experiment, tb give very 
valuable pyrometrical indications. The end 



of the bar which is to be exposed to the 
heat, being coated with fire-clay, or sheath- 
ed with platinum, should be inserted a few 
inches into the flame, and drops of oil be- 
ing put into three successive cavities of 
the bar, we should measure the tempera- 
tures of the oil, when they have become 
stationary and note the time elapsed, to pro- 
duce this effect. A pyroscope of this kind 
could not fail to give useful information to 
the practical chemist, as well as to the 
manufacturers of glass, pottery, steel, 8tc. 

2. Of fpecific heat. — If we take equal 
weights, or equal bulks, of a series of sub- 
stances; for example, a pound or a pint of 
water, oil, alcohol, mercury, and having 
heated each separately, in a thin vessel, to 
the same temperature, say to 80® or 100* 
Pahr. from an atmospherical temperature 
of 60**, then in the subsequent cooling of 
these four bodies to their former state» 
they will communicate to surrounding me- 
dia very different quantities of heat. And 
conversely, the quantity of heat requisite 
to raise the temperature of equal masses 
of different bodies, an equal number of 
thermometric degrees, is different, but 
specific for each body. There is another 
ploint of view in which specific heats of bo- 
dies may be considered relative to their 
change of form, from gaseous to fiquid, 
and from liquid to solid. Thus the steam 
of water, at 212®, in becoming a liquid, 
does not change its thermometric tempe- 
rature 212®, yet it communicates, by this 
change, a vast quantity of heat to sur- 
rounding bodies; and, in like manner, li- 
quid water at 32®, in becoming the solid 
called ice, does not change its temperature 
as measured by a thermometer, yet it im- 
parts much heat to surrounding matter. 
We therefore divide the study of specific 
heats into two branches: 1. The specific 
heats of bodies while they retain the same 
state; and 3. The specific heats, connected 
with, or developed by, change of state. 
The first has been commonly called the 
capacities of bodies for caloric; the second, 
the latent heat of bodies. The latter we 
shall consider afler change ef ^ate. 

1. Of the specific heats of bodies, while 
they experience no change of state. 

Three distinct experimental modes have 
been employed to determine the specific 
heats of bodies; in the whole of which 
modes, that of water has been adopted for 
the standard of comparison or unity. 1. In 
the Jirgt mode, a g^ven weight or balk of 
the body to be examined, being heated to 
a ceruin point, is suddenly mixed with a 
given weight or bulk of another body, at 
a different temperature; and the resulting 
temperature of the mixture shows the re- 
lation between their specific beats. Hence, 
if the second body be water, or any other 
substance whose relation to water is ascer- 
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Uiaed, the rela^Te hsat of the first to that 
of water will be known. It is an essential 
precaution in using this mode, to avoid all 
such chemical action as happens in mixing 
water with alcohol or acids. Let us take 
oil for an example. If a pound of it, at 90° 
Fahr. be mixed with a pound of water at 
60*, the resulting temperature will not be 
the mean 7^, but only 70**. And converse- 
ly, if we mix a pound of water heated to 
90**, with a pound of oil at 60®, the tempe- 
rature of tlie mixture will be B0°. We see 
here, that the water in the first case ac- 
quired 10^ while the oil lost 20^ and in 
&e second case, that the water lost 10° 
while the oil gained 20°. Hence we say, 
that the specific heat of water is double to 
that of oil; or that the same quantity or in- 
tensity of .heat which will change the tem- 
perature of oil 20*, will change that of wa- 
ter oaiy 10°; and therefore if the specific 
heat, or capacity for beat, of water be call- 
ed 1.000, that of oil will be 0.500. When 
the experiment has been, from particular 
circumstances, made with unequal weights, 
the obvioiis arithmetical reduction, for the 
difference, must be made. This is the ori- 
ginal method of Black, Irvine, and Craw- 
ford. 

The seeoncf mode is in some respects a 
modification of the first. The heated mass 
of the matter to be investigated, is so sur- 
rounded by a large quantity of the stand- 
ard substance at an inferior temperature, 
that the whole heat evolved by the first, 
in cooling, is rep^eived by the second.^ W> 
may refer to this mode, l«l, Wilcke's prac- 
tice of suspending a lump of heated metal 
in the centre of a mass of cold water con- 
tained in a tin vessel: 2d, The plan of La- 
voisier and Laplace, in which a heated mass 
of matter was placed by means of their ele- 
gant Calorimktbb, in the centre of a 
shell of ice; and the specific heat was in- 
ferred from the quantity of ice that was li- 
quefied: And 3ti, The method of Berard 
and Delaroche, in which gaseous matter, 
heated to a known temperature, was made 
to traverse* slowly and uniformly, the con- 
volutions of a spiral pipe, fixed in a cylin- 
der of cool water, till this water rose to 
a stationary temperature; when "reckon- 
ing from this pomt, the excess of the tem- 
perature of the cylinder, above that of the 
ambient lur, becomes proportional to the 
quantity of heat given out by the current 
of gas that passed through the cylinder." 
Each gas was definitely heated, ^y being 
passed through a straight narrow tube, 
placed in the axis of a large tube, filled 
with the steam of boiling water. The spe- 
cific heata were then compared to water 
by two mctliods. The first consists in sub- 
jecting the cylinder, which they call the 
calorimeter, to the action of a current of 
water peifect^ regular, and so slow, that 



it will hardly {miduce a greater effect thn 
the current of the different gases. The se« 
cond method consists in determining, by 
calculation, the real quantity of heat which 
the calorimeter, come to its stationary tem«« 
perature, can lose in a given time; for since» 
atler it reaches this point, it does not be« 
come hotter, though the source of heat 
continues to be applied to it, it is evident 
tliat it loses as much heat as it receives, 
MM. Berard and Delaroche employed these 
two methods in succession. From the sin* 
gular ingenuity of their apparatus, and pre- 
cision of their observations, we may regard 
their determinations as deserving a degree 
of confidence to which the previous results* 
on the specific heat of the gases, are not at 
all entitled. They have completely over* 
turned the hypothetical structures of Black, 
Lavoisier, and Crawford, on the heat de- 
veloped in combustion and respiration, 
while they give great countenance to tho 
profound views of Sir H. Davy. See CoMw 

BUSTION. 

The third method of determining the 
specific heats of bodies, is by raising a 
given mass to a certain temperature, sua* 
pending it in a uniform cool medium, till 
it descends through a certain number of 
thermometric degrees, and carefully noting 
by a watch the time elapsed. ItJs evident, 
that if the bodies be invested with the 
same coating, for instance, glass or bur* 
nished metals; if they be suspended in the 
same medium, with the same excess of 
temperature, and if their interior constitu- 
tion relative to the conduction of heat be 
also the same, then their specific heats will 
be directly as the times of cooling. I have 
tried this metliod, and find that it readily 
gives, in common cases, good approxima- 
tions. Some of my results were published 
in the Annals of Phil, for October 1817, on 
water, sulphuric acid, spermaceti oil, and 
oil of turpentine. " A thin glass globe, ca- 
pable of holding 1800 grains of water, was 
successively filled with this liquid, and with 
the others; and being in each case heated 
to the same degree, was suspended, with 
a delicate thermometer immersed in it, in 
a large room of uniform temperature. The 
comparative times of cooling, through an 
equal range of the thermometric scale, 
were carefully noted by a watch in each 
case.** The ditierence of mobility in the li- 
quid particles may be regarded as very 
trifiing, at temperatures from 100° to 200°. 
At inferior temperatures, under 80° for ex- 
ample, oil of vitriol, as well as spermaceti 
oil, becoming viscid, would inti'oduce er- 
roneous results. 

This mode has been lately practised with 
the utmost scientific refinement by MM, 
Dulong and Petit. Their experiments were 
made on roetak reduced to fine filings^ 
strongly premised into a cylindrical vessel 
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#f tStntt vcfTf thin, very smaM, and the 
axis of which was occupied by the rescr- 
toip of the thermometer. This cylinder, 
•ontuning^ about 460 jrrains of the sub- 
•tanee, heated about 12^ F. above the am- 
bient medium, was suspended in the cen- 
tre of a vessel blackened interiorly, sur- 
rounded with melting ice, and exhausted 
of air, to prolongs the period of refrigera- 
tion, which lasted g;«nerally 15 minutes. 
Their results have disclosed a beautiful 
•nd unforeseen relation, between the spe- 
cific heats and primitive combining ratios 
er atoms of the metals; namely, that the 
ai9m§ 9/ all wimple bediet have exactly the 
emme eapaeity far heat. Hence the specific 
heat of a simple substance, multiplied into 
Ae weight of its atom or prime equivalent, 
•ag^t to ^ve always the same product. 

The law of specific heats being thus esta- 
blished for elementary bodies, it became 
▼ery important to examine, under the same 
point of view; the specific heats of com- 
pound bodies. The process applying indif- 
ferently to all substances, whatever be their 
eonductibiltty or state of ag^gation, they 
had it in their power to subject to experi- 
ment, a great many bodies whose propor- 
tions may be considered as fixed; but when 
they endeavoured to mount from these de- 
terminations to tliat of the specific heat of 
each compound atom, by a method analo- 
gous to that employed for the simple bo- 
dies, they found themselves stopped by the 
liumber of equally probable suppositions 
among which they had to choose. '* If 
the method," say they, " of fixing the 
weights of the atoms of simple bodies has 
not yet been subjected to any certain rule, 
tliat of the atoms of compound bodies has 
been, a fortiori, deduced from supposi- 
tions purely arbitrary." They satisfy them- 
selves by saying, in the mean time, that, 
abstracting every particular supposition, 
the observations which they have hitherto 
made tend to establish this remarkable 
law, that there always exists a very simple 
ratio between the capacity for heat of the 
compound atoms, and that of tlie element- 
ary atoms. 

We shall insert here tabular views of the 
specific heats determined by the recent re- 
searches of these French chemists, reserv- 
ing, for the end of the volume, the usual 
more extended, but less accurate tables of 
specific heat. MM. Petit and Dulong justly 
remark, that " the attempts hitherto made 
to discover some laws in the specific heats 
of bodies have been entirely unsuccessful. 
We shall not be surprised at this, it we at- 
tend to the great inaccuracy of some of tlie 
measurements; for if we except those of 
Lavoisier and Laplace (unfortunately very 
few), and those by Delaroche and Berard 
for elastic fluids, we are forced to admit, that 
the gi'catest part of the others are extreme* 



ly intccvrtte, as our own experimenta hvre 
informed us, and as might indeed be con- 
cluded from the great discordance in the 
results obtained for the same bodies by 
dificrent experimenters." From this cen- 
sure, we must except the recent results of 
MM. Clement and Uesormes on gases, 
which I believe may be regarded as enti- 
tled to equal confidence wi3i those of Be» 
rard and Delaroche. 

TABLE 1—0/ the Specific ffeate oJGaaee, 
by MM. Bekard and D£I«arochk. 
Equal Equal S^. 
voluwieo* vd^ls. Gr a uO y, 
Air, 1.0000 1.0000 1.0000 

Hydrogen, 0.9033 12.3401 OJ0732 

CarbonicAcid, 1.2583 0.8280 1.5196 
Oxygen, 0.9765 0.8848 1.1036 

Azote, 1.0000 1.0318 0.9691 

Oxide of Azote, 1.3503 0.8878 13209 
Olefiantgaa, 1.5530 1.5763 a9885 

Carbonic Oxide, 1.0340 1.0805 0.9569 
To reduce the above numbers to the 
standard of water, three different metliodB 
were employed; from which the three ntira- 
bers, 02498, 0.2697, and 0.2813 were ob- 
tained for atmospheric air. The experi- 
menters have taken 0.2669 as the mean, to 
which all the above results are refttted, as 
follows: 

TABLE n. 

Water 1.0000 

Air 0.2669 

Hydrogen gas 3.2936 

Carbonic acid 0.2210 

Oxygen 0.2361 

Azote 0.2754 

Oxide of azote 0.2369 

Olefiant gas 0.4207 

Carbonic Oxide 0.2884 

Aqueous vapour 0.8470 

The following are the results given by 

MM. Clement and Desormes, for equal 

volumes at temperatures from 0^ to 60° 

centigrade, or 32® to 140** Pahr. 

TABLE HL 

Inche* Clemen*^ Delaroche 
Marom, Deoormeo, U Berard* 
Atmospheric, 
air at 39.6 1.215 1.2396 

Ditto. 29.84 1:000 LOOOO 
Ditto. 14.92 0.693 
Ditto. 7.44 0.540 

Ditto. 3.74 0.368 

Do. charged^ 29 84 1000 
withethtr,5 ^^-^ ^""^ 
Azote, 29.84 1.000 1.0000 

Oxygen. 29.84 1.000 0.974 

Hydrogen, 29.84 0.664 0.9033 
Carbonic acid, 29.84 1.500 1^583 

The relative specific heat of air to wa- 
ter, is by MM. Clement and Di^sormes 
0.250 to 1.000, or exactly onc^fourth. The 
last table which is extracted iiom the Jour' 
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0tai de PA^mgue^ gives the ■pecillc beat of 
oxygen by Oelarocbe and Berard, a little 
dilTerent from their own number. Table I. 
•from the Annafe9 de CMmie, yoL 8i. The 
most remarkable result given by MM. 
Clement and Desormes regai'ds carbonic 
acid, which being reduced to the standard 
of weights, gives a specific heat compared 
to air of about 0^^7 to 1.000, while oxy- 
gen is only ^9000. The former tables of 
Crawford and Dalton give the sp. heat of 
Oxygen; 3.65, and of carbonic acid 0.586, 
compared to air 1.000. And upon these 
very erroneous numbers, they reared their 
ii3rpolhetical fabric of latent heat, combus- 
tion and animal temperature. 
. We sliall refer to the above table in 
treating of combustion. 
. We see from the experiments on ur, at 
different densities, that its specific heat di- 
nrimshea in a much slower rate than its 
specific gravity. When air is expanded to 
a quadruple volume, its specific heat be- 
comes 0.540, and when expanded to eight 
timea the volume, its specific heat is 0.368. 
The densities in the geometrical progres- 
lien 1* i- 7 '}' correspond nearly to the spe- 
cific heats in the arithmetical 8er^es 5, 4, 
3, % Hence also the specific heat of atmos- 
pherical air, and of probably all gases, con- 
sidered in the ratio of its weight or mass, 
diminishes as the density increases. On 
the principle of the increase of specific 
heat, relatiTe to its mass, has been explain- 
ed the long observed phenomenon of the 
intense cold which prevails on the tops of 
mountains, and generally in the upper re- 
gions of the atmosphere; and also that of 
the prodigious evolution of heat, when air 
is forcibly condensed. According to M. 
Gay-Lussac,' a condensation of volume 
amounting to four-fiflhs, is sufficient to 
ignite tinder. If a syringe of glass be used, 
a vivid flash of light is seen to accompany 
the condensation. 

TABLE IV. — 0/ Specific Jffeatt oftome iSb- 
Ude determined by Tiv 1.0 jno andf Petit. 

Specific Weight of Product 

heat», that thecUoms, of these 

of voter oxygen be- ttoo nutU' 

being 100. ing 1. bert. 

Bismuth^ 0.0288 13.300 0.3830 

Lead, 0.0293 12.950 0.3794 

Gold, 0.0298 12.430 0.3704 

Pktinum, 0.0314 11.160 0.3740 

Tin, 0.0514 7.350 0.3779 

Silver, 0.0557 6.750 0.3759 

Zinc, 0.0927 4030 0.3736 

Tellurium, 0.0912 4.030 0.3675 

Copper, 0.0949 3.957 0.3755 

Nickel, 0.1035 3.690 0.3819 

Iron,. O.llOO 3.392 0.3731 

Cobalt, 0.1498 2.460 0.3685 

Sulphur, 0.1880 2.0U 0.3780 
Vol. t. 



The above products, which express iht 
capacities of the different atoms, approach 
so near equality, that the slight differ- 
ences must be owing to slight errors, 
either in the measurement of the capaci- 
ties, or in the chemical analyses, especial- 
ly if we consider, that in certain cases, 
these errors derived from these two 
sources, may be on the same side, and con- 
sequently be found multiplied in the re- 
sult. Each atom of these simple bodies 
seems, therefore, as was formerly stated, 
to have the same capacity for beat. 

An important question now occurs, whe- 
ther the relative capacities for heat of dif- 
ferent solid and liquid bodies be uniform 
at different temperatures, or whether it 
vary with the temperature? This question 
may be perhaps more clearly expressed 
thus: Whether a body, in cooling a certain 
thermometric range at a high temperature, 
gives out the same quantity of heat that 
it does in cooling through the same range 
at a lower temperature? No means seem 
better adapted for solving this problem, 
than to measure the refrigeration produ- 
ced, by tlie same weights of ice, on uni- 
form weights of water, at different tempera- 
tures. Mr. Dalton found in this way, that 
** 176.5* expresses the number of degrees 
of temperature, such as are found be- 
tween 200° and 212° of the old or com- 
mon scale, entering into ice of 3'i° to con- 
vert it into water of 32*; 150° of the same 
scale, between 122° and 130°, suffice for 
the same effect; and between 45° and 50^^ 
128° are adequate to the conversion of the 
same ice to water. These three resulting 
numbers, (128, 350, 176.5), are nearly, as 
5, 6, 7. Hence it follows, that as much heat 
is necessary to raise water 5° in the lower 
part of the old scale, as is required to raise 
it ?• in the higher, and 6° in the middle.** 
See hie JVew System of Chemical Philoe. vol. L 
p. 53. 

Mr. Dalton, instead of adopting the ob- 
vious conclusion, that the capacity of wa- 
ter for heat is greater at lower than it is 
at higher temperatiu-es, and that there- 
fore a smaller numbei* of degrees at the 
former, should melt as much ice as a great- 
er number at the latter, ascribes the devia- 
tion denoted by these numbers, 5, 6, and 7, 
to the gi*oss errors of the ordinary ther? 
mometric g.*.*aduation, which he considers 
so excessive, as not only to equal, but great- 
ly to overbalance the really increased spe- 
cific heat or capacity of water; which, 
viewed in itself, he conceives would have 
exhibited opposite experimental reftultSi 
That our old, and, according to his notions, 
obsolete thermometric scale, has no such 
prodigious deviation from truth, is, I be- 
lieve, now fully admitted by chemical philo* 
sophers; and tlierefore the only legitimate 
30 
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iiiletCAoe fit>m these yery experiments of 
Ur. Dahon, is the decrtanng capftcity of 
water, with the increiue of its temperature. 
It deserves to be remarked, that my ex- 
periments on the relative times of cooling 
a globe of glass, successively filled with 
water, oil of vitriol, common oil, and oil of 
turpentine, give exactly the same results as 
Mr. Ualton had derived from mixtures of 
two ounces of ice with 60 of water, at dif- 
ferent temperatures. This concurrence is 
the more satisfactory, since when my pa- 
per on the specific heats of the above bo- 
dies, pubhshed in the Annals of Philosophy 
for October 1817, was written, I had no re- 
collection of Mr. Dalton*s experiments. 

In the Annals of Philosophy for March 
1819, Dr. Thomson has made the following 
remarks in reviewing my paper on heat: 
**The second topic which Dr. Ure discusses 
in this paper, is Mr. Dnlton's opinion that 
the common thermometer is an inaccurate 
measurer ef heat» and that^ mercury and all 
liquids expand as the square of the tem- 
perature, reckoning from the freezing 
point It is not necessary to give a particu- 
Itf detail of the facts contained in this part, 
as Mr. Dalton's opinions on this subject had 
been already overturned by the experi- 
ments of Dulong and Petit. Dr. Ure's no- 
tion, that the capacity of bodies for heat 
diminishes as the temperature increases, 
is directly contrary to the results of the 
experiments of Dulong and Petit on the 
subject. It seems also contrary to analogy 
in other cases. We know that the capacity 
of elastic fluids increases as they become 
rarer, and that the rarest of all the elastic 
fluids has the greatest capacity. It is rea- 
sonable, I think, that this should be the 
case; for the further the particles of a body 
are removed from each other, the greater 
must the quantity of heat be, which shall 
be capable of producing a given effect on 
it" From the early part of this passage, 
readers of the Annals would naturally in- 
fer, that I had undertaken a refutation 
which had been alrecubf accomplished. But 
it is consistent with Dr. Thomson's person- 
al knowledge, that my paper on heat was 
finished and sent on to London many 
months before the paper of MM, Dulong 
and Petit was published. Besides, in a ques- 
tion of such vital importance to Uic whole 
of physical science, as whether the ther- 
mometer be a crude or correct indicator of 
the increments of temperature, it is surely 
desirable to have the investigation con- 
ducted in tmo original and independent 
methods. Dr. Thomson has misconceived 
my views with regard to capacity. I ad- 
duce some experimental evidence to show 
that the capacity of water for heat dimi- 
nishes as we raise it from the freezing 
to the boiling point; but I did not so far 
violate the rules of philosophy, as to make 



a general inferenoie ftom g, parUcpkar casr^ 
a practice, it must be confessed, too com- 
mon with some chemical writers. So far 
from asserting the proposition for all bo- 
dies, the idea is thitiwu out, of its being 
perhaps a property peculiar to water, like 
that of its expanding by dimiuntion of its 
heat, after being cooled down to 39**. 

The total absence in the gaaes of cohe- 
sive attraction, that power which gwerae 
the phenomena of solids as to heat, and 
modifiee those of liquids, renders the ana- 
logy of elastic fluids adduced by Dr. Thom- 
son quite irrelevant '* The above circum- 
stance in water, renders it peculiarly quali- 
fied for serving as the magazine and equal- 
izer of the temperature of the globe. Since 
at our ordinary atmospherical heats» it 
possesses the greatest capacity for caloric, 
small variations in its temperature gave it 
a great modifying power over the circum- 
ambient air." See New Experimental Be- 
searches on some of the leading doctrines 
of Caloric, in the Pfailosophicid Transac- 
tions for iai8, or in Tilloch's Magazine, 
vol. 53. I have looked with attention, over 
MM. Dulong and Petit's paper, for the rc- 
sulu of their experimenU on the subject^ 
which Dr. Thomson pronounces to be di- 
rectly contrary to mine, but I could find 
nothing which aflfects my proposition with 
regard to water. Their experiments lead 
them to conclude, that the capacities of the 
following meiaUic bodies increase with the 
elevation of their temperature, in the fol- 
lowing proportions. 

TABLE Y.'^O/Cafaeitietfir Meat. 

Mean capacity between Mean eapaeitg be- 
0** and 100*. ta>een<f and 300^, 

Mercury, 0.0330 0.0350 

Zinc, 0.0927 0.1015 

Antimony, 0.0505^ 0.0549 

Silver, 0.0557 0.0611 

Copper, 0.0949 0.1013 

Platinum, 0.0355 0.0355 

Glass, 0.1770 0.1900 

The capacity of iron was determined at 
the four following intervals: 

From 0® to 100®, the capacity is 0.1098 
0® to 200 0.1150 

0® to 300 0.1218 

0** to 350 0.1255 

If we estimate the temperatures, as some 
philosophers have proposed, by the ratios 
of the quantities of heat which the same 
body gives out in cooling to a determinate 
temperature, in order that this calcuUtioa 
be exact, it would be necessary that the 
body in cooling, for example, from 300° to 
0^, should give out three times as much 
heat as in cooling from 100*» to 0^ But it 
will give out more than three times as 
much, because the capacities are increas- 
ing. We should therefore find too hi^ a 
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temperature. We exhiint in the following 
table the temperatures that would be de- 
doced by employing the different metals 
contained in the preceding table. We must 
suppose that they have been all placed in 
the same liquid bath at 300^, measured by 
an air thermometer. 

Iron, - - - 332.^* 
Mercury, - - 318.2 

Zinc, - - - 328.5 
Antimony, - 324.8 

Silver, - - 329.3 

Copper, - 320.0 

Platinum, - - 317.9 
Glass, . . 322.1 

Experiments have been instituted, and 
theorems constructed, for determining the 
absolute quantity of heat in bodies, and the 
point of the total privation of that power* 
or of absolute cold, on the thermometric 
scale. The general principle on which 
most of the inquirers have proceeded is 
due to the ingenuity of Dr. Irvine. Suppos- 
ing, for example, the capacity of ice to be 
to that of water as 8 to 10, at the tem- 
perature of 32**, we know that in order to 
liquefy a certain weight of ice, as much 
heat is required as would heat the same 
weight of water to 140*> Fahr. Hence 140** 
represent two-tenths or one-fifth of the 
whole heat of fluid water; and therefore 
the whole heat would be 5 X 140* = T^O® 
below 32®. It is needless to present any 
algebnuc equations on a principle which is 
probably erroneous, and which has certain- 
ly produced in experiment most discordant 
results. Mr. Dalton has given a general 
view of them in his section on the zero of 
temperature. 

If we estimate the capacity of ice to that 
of water as 9 to 10, then the zero will come 
out - - - - U00<> 

Gadolin, from the heat evolved"| 2936** 
in mixing sulphuric acid and water | 1710 
in diiferent proportions, and com pa- l 1510 
ring the capacity of the compound [2637 
with those of its components, dedu- 3230 
ced the opposite numbers, J 1740 

Mr; Dalton, from sulphuric acid and 
water, 640oo 

Do. do. do. 4150 

Do. do. do. 6000 

He thinks these to be no nearer approxi- 
mations to the truth than Gadolin's. 

From the heat evolved in slaking"^ 
hme, compared to the specific heats I 
of the compound, and its constitu- >4260 
ents, lime and water, Mr. Dalton | 
gives as the zero, J 

From nitric acid and lime, Mr. Dalton 
finds - - - llOOO 

From the combustion of hydrogen, 5400 

From Lavoisier and Laplace's experi- 
ments on slaked lime, - 3438 

From their experiments on sulphuric 
acid imd Avater, - - ' 7262 



Do. do. do. d59d 

Do. from nitric acid and lime, -f- 23837 
Dr. Irvine placed it below 30*, = 900 
Dr. Crawford do. do. = 1500 

The above result of Lavoisier and La- 
place on nitric acid and lime, shows the 
theorem in a very absurd point of view, for 
it places the zero of cold, above melting 
platina. MM. Clement and Desormes have 
been lately searching after the absolute 
zero, and are convinced that it is at 266.66' 
below the zero of the centigrade scale, or 
— 448® F. This is a more conceivable re- 
sult. But MM. Dulong and Petit have been 
led by their investigation to fix the abso- 
lute zero at infinity. " This opinion," say 
they, ** rejected by a great many philoso- 
phers because it leads to the notion, that 
the quantity of heat in bodies is infinite, 
supposing their capacity constant, becomes 
probable, now that we know that the spe- 
cific heats diminish as the temperatures 
sink. In fact the law of this diminution 
may be such, that the integral of heat, ta- 
ken to a temperature infinitely low, may 
notwithstanding have a finite value.** They 
farther infer, that the quantity of heat de- 
veloped at the instant of the combination 
of bodies has no relation to the capacity of 
the elements; and that in the greatest num- 
ber of cases this loss of heat is not follow- 
ed by any diminution in the capacity of the 
compounds formed. This consequence of 
their researches, if correct, is fatal to the 
theorem of Irvine, and to all the inferences 
that have been drawn from it. 

3. Of the general habHitdea of heat, with 
the different forvM of matter. 

The effects of heat ai*e either transient 
and physical; or permanent and chemical, 
inducing a durable change in the constitu- 
tion of bodies. The second mode of opera- 
tion we shall treat of under Combustion. 
The first falls to be discussed here; and 
divides itself naturally into the two heads, 
of changes in the volume of bodies while 
they retain their form, and changes in the 
state of bodies. 

1st, The successive increments of voU 
ume which bodies receive with successive 
increments of temperature, have been the 
subjects of innumerable researches. The 
expansion of fluids is so much greater than 
that of solids by the same elevation of their 
temperature, that it becomes an easy task 
to ascertain witliin certain limits the aug- 
mentation of volume which liquids and 
gases suflTer through a moderate thermo- 
metric range. We have only to enclose 
them in a glass vessel of a pwper form, 
and expose it to heat. But to determine 
their expansions vviih final accuracy, and 
free the results from the errors arising 
fi-om the unequable expansion of the reci- 
pient, is a problem of no small difficuhy. 
It seems, however, after many vain at» 
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tempts by preceding experimenters, to have 
been finally solved by MM. Dulong and 
Petit The expansion of solids bad been 
preyiously measured with considerable ac- 
curacy by several philosophers, particular- 
ly by Smeaton^ Roy, Ramsden, and Trough^ 
ton» in this country, and Lavoisier and La- 
place in France. The metliod devised by 
Genl. Roy, and executed by him in conjunc- 
tion with Ramsden, deserves the prefer- 
ence. The metallic or other rod« the sub- 
ject of experiment, was placed horizontally 
in a rectangular traugh of water, which 
could be conveniently heated. At any ali- 
quot distance on the rod, two micrometer 
microscopes were attached at right angles, 
io that each being adjusted at m*st to two 
immoveable points, exterior to the heating 
apparatus, when the rod was elongated by 
heat, the displacement of the microscopes 
could be determined to a very minute quan- 
tity, to the twenty or thirty thousandtli of 
an inch, by the micromethcal mechanism. 
The apparatus of Lavoisier and Laplace 
was on Smeaton's plan, a series of levers; 
but differed in this respect, that the last 
lever gave a vertical motion to a telescope 
of six feet focal length, whose quantity of 
displacement was determined by a scale in 
its field of view from 100 to 200 yai-ds dis^ 
tant. This addition of a micrometrical tel- 
escope was ingenious; but the whole me- 
chanism is liable to many objections, from 
which that of Ramsden was free. Still, when 
managed by such hands and heads as those 
of Lavoisier and Laplace, we must regard 
its results with veneration. MM. Dulong 
and Petit have measured the dilatations of 
some solids, as well as mercury, on plans 
which merit equal praise for their origi- 
nality and philosophical precision. They 
commenced with mercury. Their metliod 
with it is founded on this incontestable law 
of hydrostatics, that when two columns of 
a liquid communicate by means of a lateral 
tube, tlie vertical heights of these two co- 
lumns are precisely the inverse of their 
densities. In the axis of two upright cop- 
per cylinders, vertical tubes of glass were 
fixed, joined together at bottom by an hori- 
zontal glass tube resting on a levelled iron 
bar. One of the cylinders was charged with 
ice, the other with oil to be warmed at 
pleasure by a subjacent stove. The rect- 
angular inverted glass syphon was filled 
nearly to the top with mercury, and the 
height at which the liquid stood in each 
leg was determined with nicety by a teles- 
copic micrometer, revolving in a horizon- 
tal plane on a vertical rod. The telescope 
had a spirit level attached to it, and could 
be moved up or down a very minute quan- 
tity by a fine screw. The temperature of 
the oil, the medium of heat, was measured 
by both an air and a mercurial thermome- 
ter, whose bulbs occupied nearly the whole 



▼eilical extent of the <grlaider. The eloii« 
gation of the heated column of mercury 
could be rigorously known by directing the 
eye through the micrometer, first to its 
surface, and next to that in the ice-cold leg. 
Having by a series of careful trials ascer- 
tained the expansions of meroury through 
different thermoraetric ranges, they then 
determined the expansion of glass from the 
apparent expansions of mercury within it. 
They filled a thermometer with well boiled 
mercury, and plunging it into ice, waited 
till the liquid became stationary, and then 
cut across the stem at the point where the 
mercury stood. After weighing it exactly, 
they immersed it for some time in boil- 
ing water. On withdrawing, wiping, and 
weighing it, they learned the quantity of 
meroury expelled, which bein|^ compared 
with the whole weight of the mercury in it 
at the temperature of melting ice, gave the 
dilatation of volume. This is precisely the 
plan employed long ago by Mr. Crighton, 
as well as myself, and which g^ve the quan- 
tity l-63d, employed in my paper for the 
apparent dilatation of meroury in glass. 

Their next project was to measuro the 
dilatation of other solids; and this they ac- 
complished with much ingenuity by en- 
closing a cylinder of the solid, iron for ex- 
ample, in a glass tube, which was filled up 
with mercury, after its point had been 
drawn out to a capillary point. The mercu- 
ry having been previously boiled in it, to 
expel all air and moisture, the tube waa 
exposed to different temperatures. By de- 
termining the weight of the meroury which 
was driven out, it wa^ easy to deduce the 
dilatation of the iron; for the volume driven 
out obviously represents the sum of the di- 
latations of the mercury and the metal, di- 
minished by the dilatation of the glass. To 
make the calculation, it is necessary to 
know the volumes of these three bodies at 
the temperature of freezing water; but that 
of the iron is obtained by dividing its weight 
by its density at 32"". We deduce in tlie 
same manner the volume of the glass from 
tl)e quantity of mercury which fills it at 
that temperature. That of the mercury is 
obviously the difference of the first two. 
1 he process just pointed out may be ap- 
plied likewise to other metab, taking the 
precaution merely to oxidize tlieir surface 
to hinder amalgamation. 

In the years 1812 and 1813 I made many 
experiments with a micrometrical appara- 
tus of a peculiar construction, for measur- 
ing the dilatation of solids. I was particu- 
larly perplexed with the rods of zinc, which 
after innumerable trials I finally found to 
elongate permanently by being alternately 
heated and cooled. It would seem that the 
plates composing this metal, in sliding over • 
each other by the expansive force of heat, 
present such an adheuTe friction as to pre* 
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vcfit theii^ entire rctmction. It would be de- 
sirable to know the limit of this effect, and 
to see what otlier metals are subject to the 
same change. I hope to be able ei*e long 
to finish these pjrroroetrical researches. 



I shall now present a copious table of di- 
latations, newly compiled from the best ex^ 
periments. 



TABLE l.-^Linear Dilatation of SoUdt by Heat, 



Dimensions which a bar takes at 212^ whose len^h at 32° 


Ls 1.000000. 


Dilatation 










in Vulgar 










Fractions. 


GUss tube. 




Smeaton, 


1.00083333 




do. 




Roy, - 


1.00077615 




do. 




Deluc's mean. 


1.00082800 




do. 




Dulong and Petit, 


1.00086130 


tAt 


do. 




Lavoisier and Laplace, 


1.00081166 


nTB" 


Plate i^lass. 




do. do. 


1.000890890 


Th, 


do. crown glass> 




do. do. 


1.00087572 


■mr 


do. ' do. 




do. do. 


1.00089760 


tAt 


do. do. 




do. do. 


1.00091751 


TT^ 


do. rod, 




Roy, 


1.00080787 




Deal, 




Roy, as glass, 
Borda, 






Platina, 


1.66085655" 




do. 




Dulong and Petit, 
Troughton, 


1.00088420 


TT^T 


do. 




1.00099180 




do. and glass. 




Berthoud, 


l.OOllOOOO 




Palladium, 




WoUaston, 


1.00100000 




Antimony, 




Smeaton, 


1.00108300 




Cast iron pri^m. 




Boy, - - - 


1.00110940 




Cast iron. 




Lavoisier, by Dr. Young 


, 1.00111111 




Steel, 




Troughton, 


1.00118990 




Steel rod. 




Roy, 


1.00114470 




Blistered steel. 




Phil. Trans. 1795. 428, 


1.00112500 




do. 




Smeaton, 


1.00115000 




Steel not tempered. 




Lavoisier and Laplace, 


1.00107875 


TiT 


do. do. do. 




do. do. 


1.00107956 


tIt 


do. tempered yellow. 


do. do. 


1.00136900 




do. do. do. 




do. do. 


1.00138600 




do. do. do. 


at a higher heat. 


do. do. 


1.00123956 


Tir 


Steel, 




Troughton, 


1.00118980 




Hard steely 




Smeaton, 


1.00122500 




Annealed steel. 




Muschenbroek, 


1.00122000 




Tempered steel. 




do. 


1.001.37000 




Iron, 




Borda, 


1.00115600 




do. 




Smeaton, 


1.00125800 




Soft iron forged. 




Lavoisier and Laplace, 


1.00122045 




Round iron, wiredrawn. 


do. do. 


1.00123504 




Iron wire, 




Troughton, 


1.00144010 




Iron, 




Dulong and Petit, 


1.00118203 


tJt 


Bismuth, 




Smeaton, 


1.00139200 




Annealed gold. 




Muschenbroek, 


1.00146000 




Gold, 




EUicot, by comparison. 


1.00150000 




do. procured by parting, 


Lavoisier and Laplace, 


1.00146606 


nh 


do. Paris standard. 


unaimealed. 


do. do. 


1.00155155 


^ 


do. do. 


annealed. 


do. do. 


1.00151361 


rh 


Copper, 




Muschenbroek, 


1.0019100 




do. 




Lavoisier and Laplace, 


1.00172244 


Tfr 


do. 




do. do. 


1.00171222 


rh 


do. 




Troughton, 


1.00191880 


f 


do. 




Dulong and Petit, 


1.00171821 


rht 


Brass, 




Borda, 


1.00178300 




do. 




Lavoisier and Laplace, 


1.00186671 




do. 




do. do. 


1.00188971 
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Brut iCAle, suppoied from Hamlmrgli, 


Boy, 


1.0ai8S54O 




Cast brass. 


Smeaton^ - 


1.00187500 




English plate-brass, in rod, 
do. do. in a trough form. 


Roy, 


1.00189280 




do. 


1.00189490 




Brass, 


Troughton, 


1.00191880 




Brass wire. 


Smeaton, 


1.00193000 




Brass, 


Afuschenbroek, 


1.00216000 




Copper 8, tin 1, 


Smeaton, 


1.00181700 




Silver, 


Herbert, 


1.00189000 




do. 


Ellicot, by comparison. 


1.0021000 




do. 


Muschenbroek, 


1.00212000 




do. of cupel. 


Lavoisier and Laplace, 


1.00190974 


rb 


do. Paris standard. 


do. do. 


1.00190868 


^h 


Silver, 


Troughton, 


1.0020826 




Brass 16, tin 1, 


Smeaton, 


1.00190800 




Speculum metal, 


do. 


1.00193300 




Spelter solder; brass 2, zinc 1, 


do. 


1.00205800 




Malacca tin. 


Lavoisier and Laplace, 


1.00193765 


^V 


Tin from Falmouth, 


do. do. 


1.00217298 


Th 


Fine pewter. 


Smeaton, 


1.00228300 




Grain tin. 


do. 


1.00248300 




Tin, 


Muschenbroek, 


1.00284000 




Soft solder; lead 2, tin 1, 


Smeaton, 


1.00250800 




Zinc 8, tin 1, a little hammered, 


do. 


1.00269200 




Lead, 


Lavoisier and Laplace, 


1.00284836 


^ 


do. 


Smeaton, 


1.00286700 




Zinc, 


do. 


1.00294200 




Zinc, hammered out § inch per foot. 


Smeaton, 


1.00301100 




Glass, from 32'', to 212®, 


Dulongand Petit, 


1.00086130 


tAt 


do. from 212®, to 392®, 


do. do. 


1.00091827 


lfl*6* 


do. from 392®, to 572®, 


do. do. 


1.00101114 


Tfr 



The last two measurements by an air thermometer. 



To obtain the expansion In volume, mul- 
tiply the above decimal quantities by three, 
or divide the denominators of the vulgar 
fractions by three; the quotient in either 
case is the dilatation sought. 

We see that a condensed metal, one whose 
particles have been forcibly approximated 
by the wire-drawing process, expands more, 
as might be expected, than metals in a 
looser state of aggregation. The result for 
pewter, 1 conceive, must be inaccurate. 
Lead ought to communicate to tin, surely, 
a greater expansive property. Borda*s mea- 
sure of platin a is important. It was observ- 
ed with the rules which served for mea- 
suring the base of the trigonometrical sur- 
vey in France. The observations in the ta- 
ble on tempered steel, are, I believe, by 
that eminent artist, Fortin, though they are 
included in the table which M. Biot publish- 
ed, under the title of Lavoisier and Laplace. 

The amount of the dilatation of metals 
becomes very useful to determine, in cer- 
tain cases, the change of dimension to 
which astronomical instruments are liable. 
Thus in measuring a base for the grand 
operation of the meridian of France, Bor- 
da sought to elude the uncertainties arising 
from expansion of the measuring rods, by 
combining metallic bars, so that they indi- 
cated, of themselves, their variations of 
temperature, and of length. A rule of pla- 



tin a, twelve feet long, was attached by one 
of its extremities to a rule of copper some- 
what shorter, which rested freely on its 
surface, when placed in a horizontal posi- 
tion. Towards the loose end of the copper 
rule, there was traced on the plaUna rule 
vei-y exact linear divisions, the parts of 
which were millionths of the total length 
of this rule. The end of the copper rule 
carried a vernier, whose coincidences with 
the platina graduations were observed with 
a microscope. Now, the dilatations of the 
platina and copper being unequal for equal 
changes of temperature, we may conceive 
thatUie vernier of the copper rule would 
incessantly correspond to variable divi- 
sions, according as the temperatures varied. 
Borda made use of these changes, to know 
at every instant the common temperature 
of these two bars, and the ratio of the ab- 
solute dilatations of their two metals. The 
value of the vernier divisions had been pre* 
viously ascertained, by plunging the com- 
pound bar into water of different tempe- 
ratures, contained in an oblong wooden 
trough. It was therefore sufficient to read 
the indications of this metallic thermome- 
ter, in order to learn the true temperature 
of the bars in the atmosphere; and of course 
the compensation to be made on the meter 
rods or chains, to bring them to the true 
length of the standard t€fmpe"rature. 
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An exact acqUainUnce with the dilata- 
tion of metals, is also necessary for rege- 
lating* the leng^ of the pendulum in astro- 
nomical clocks. When the ball or bob of a 
seconds pendulum is let down ^hf of an 
inch, the dock, will go ten seconds slower 
in 24 hours; and therefore YJnn> of an 
inch, will make it lose one second per day. 
Now, as the effective length of the seconds 
pendulum is 39. 13929 inches, we know from 
the previous table of expansion, that a 
change of 30" of temperature by Fahren- 
heit's scale, will alter its length about 
' 3t66 Pi^» which is equivalent to nearly 
0.0078, or tIt of an inch, corresponding 
to about eight seconds of error in the day. 
The first, the roost simple, and most per- 
fect invention for obviating these varia- 
tions, is due to Graham. 'Hie bob of his 
compensation pendulum consisted of a 
fl^lasB cylinder, about six inches long, hold- 
ing ten or twelve pounds of mercury. In 
proportion as the iron or steel rod to whxh 
this .was suspended, dilated by heat, the 
mercury also expanded, and raised thereby 
the centre of oscillation, just as much as 
tlie lengthening of the rod had depressed 
it. M. Biot, with his usual accuracy, has 
shown, that if the suspending rod were of 
glass, the length of the cylinder of mer- 
cury would requu-e to be yV the total 
length of the pendulum, namely, about four 
inches; but the expansion of iron being 
greater in the ratio, pi*etty nearly of three 
to two, we have hence the length of the 



cylinder in the litter case, equal to about 
six inches. The late very ingenious Mr. 
Gavin Lowe, prescribed along with a steel 
rod, a glass cylinder two inches diameter 
mside, containing 6^ vertical inches of 
mercury, weighing ten pounds. From ac- 
curate calculation he found, that if such a 
pendulum should go perfectly true, when 
the tliermometer is at 30°, but that at 90* 
it should go one second slower in 24 hours, 
it would be remedied by pouring in ten 
ounces more quicksilver; or, by taking out 
that quantity, if it went one second faster 
in 24 hours, when at 90" than at 30" Pahr.; 
and for -j^ of a second of deviation in 
24 hours, the compensation is the addition 
or abstraction of one ounce of mercury. 
See a useful paper on this subject, by Mr. 
Firminger, in the Philosophical Magazine 
for August 1819. 

The balance wheel of a watch, varies in 
the time of its oscillations, by its expan- 
sions and contractions with variations of 
temperature. The invention of Arnold fur- 
nished a wheel or interrupted ring, com- 
posed of concentric laminae of two metals, 
which, obviating: the above defect by their 
difference of dilatation, has, under the 
name of compensation balance, incalculably 
improved the accuracy of marine chrono- 
meters. We shall describe under Tnaa- 
MOMETER, an elegant instrument con- 
structed on similar principles, by the cele- 
brated M. Breguet. See other applications, 
infra. 



TABLE- U.—Di7am^ton qf the volume of Liquids bi/ being heated 
from 32" to 212". 



Mercury, Dalton, 

do. Lord Charles Cavendish, 

do. Deluc, 

do. General Roy, . - - - 

do. Shuckburgh, - - - - 

do. Lavoisier and Laplace, - - - 

do. Haellstroem, . . . - 

do. Dulong and Petit, - - - - 

do. do. from 212", to 392", 

do. do. from 392", to 572", 

do. do. in glass, from 32", to 212", 

do. do. do. from 212", to 392", - 

do. do. do. fromS92<»,to572", . 

Water, Kirwan, from 39", its maximum density. 

Muriatic acid, (sp gr. 1.137), Dalton, 

Kitric acid. (sp. gr. 1.40), do. 

Sulphuric acid, (sp. gr. 1.85), do. 

Alcohol, do. 

Water, do. 

Water saturated with common salt, do. 

Sulphuric ether, do. 

Fixed oils, do. 



0-020000 

0.018870 

0.018000 

0.017000 

0.01851 

0.01810 

0.0181800 

0.0180180 

0.0184331 

o.oissroo 

0.015432 

0.015680 

00158280 

0.043^>2 

0.0600 

0.1100 

0.0600 

0.1100 

0.0460 

0.0500 

0.0700 

0.0800 



1 

1 
TT 

tV 

■h 

rriv 
tV 

TTTf 

tV 

i 
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Oil of turpentine* do. 0.0700 

The quantities giyen by Mr. Dalton, are probably 

too great, as is certainly the case with mercury; 

his ezperiinents being perhi4>s modified by his 

hypothetical notions. 
Water saturated with common salt, Robinson, 0.05198 



Dr. Toung, in his invaluable Catalogue 
raiwrmSet Natural Philosophy, vol. ii. p. 
391. gives the following table of the expan- 
sions of water, constructed from a coUa* 
lion of experiments by Gilpin. Kirwan, 
and Achard. He says, that the degrees 
of Fahrenheit's thermometer, reckoning 
either way from 39^ being called /, the 
expansion of water is nearly expressed 
by 2^> (1 —^00^ in 10 millionths; and 
the diminution of the specific gravity by 
.000002y«— 00000000472/3. This equa- 
tion, as well as the table, are very import- 
ant for the reduction of specific gravities 
of bodies, taken by weighing them in water. 



Dimm. Expan^ 
of 8p.gr. tion. 



grav, 
30" 0.99980 
32 0.99988 
34' 0.99994 
1.00000 
0.99994 
0.99982 
0.99978 
54 0.99951 
59 0.99914 



39 
44 

48 
49 



0.00020 
0.00012 
0.00006 
0.00000 
0.00006 
0.00018 
0.00022 
0.00049 
0.00086 



Sp. Dimm, M^xpaa^ 

grav. ^sp'gr, non, 

60"" 0.99906 0.00094 

64 0.99867 0.00133 

69 0.99812 0.00188 

74 0.99749 0.00251 

irr"") 0.99701 Achard 0.00299 

79 0.99680 Gilpin 0.00320 0.00321 
(82) 0.99612 Kirwan 0.00388 0.00389 
90 0.99511 Gilpin 0.00489 0.00491 
100 0.99313 0.00687 0.00692 

102 0.99246 Kirwan 0.00754 0.00760 
122 0.98757 0.01243 0.01258 

0.98872 Deluc 0.01128 
142 0.98199 K. 0.01801 0.01833 

162 0.97583 0.02417 0.02481 

167 0.97480 Deluc 0.02520 
182 0.96900 K. 003100 0.03198 

?02 96145 0.03855 0.04005 

212 0.95848 0.04152 0.04333 

Deluc introduced into a series of ther- 
mometer glasses, the following liquids, and 
noted their comparative indications by ex- 
pansion at different degrees of heat, mea- 
suring on Reaumur's thermometer, of 
which 80^ is the boiling point of water^ 
and 0^ the melting point of ice. 



TABLE •/ Thermvmetric Indtcatiotu by Deluc. 



Mercury. 


Olive 
Oil. 


Et. Oilttf 
ChatMndle, 


OUof 
Thyme. 


Alcohol 


Brine, 


Water. 


B. 


Cent. 


Fahr. 


80O 


100« 


2li° 


80° 


80*> 


80° 


80° 


80° 


80° 


75 


93i 


200J 


74.6 


74.7 


74.3 


73.8 


741 


71 


70 


87.5 


189^ 


69.4 


69.5 


68.8 


67.8 


68.4 


62 


65 


81. 


178i 


64.4 


64.3 


63.6 


61.9 


62.6 


53.5 


60 


75. 


167 


593 


59.1 


58.3 


56.2 


57.1 


45.8 


55 


68} 


155J 


54.2 


53.9 


53.3 


50.7 


51.7 


38.5 


50 


62i 


144i^ 


49.2 


48.8 


48.3 


45.3 


46.6 


32. 


45 


56^ 


133i 


44.0 


43.6 


43.4 


40.2 


41-2 


26.1 


40 


50 


122 


39.2 


38.6 


38.4 


35.1 


36.3 


20.5 


35 


43J 


no J 


34.2 


33.6 


33.5 


30.3 


31.3 


15.9 


30 


37i 


99h 


29.3 


28.7 


28.6 


25.6 


26.5 


11.2 


25 


on 


m 


24.3 


23.8 


23.8 


21.0 


21.9 


7.3 


20 


25 


77 


19.3 


18.9 


19.0 


16.5 


17.3 


41 


15 


18f 


65i 


14.4 


14.1 


142 


12.2 


12.8 


1.6 


10 


12i 


54i 


9.5 


9.3 


9.4 


7.9 


8.4 


0.2 


5 


6i 


43i 


4.7 


4.6 


4.7 


3.9 


42 


0.4 








32 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


— 5 


6i 


20} 








—3.9 


—41 




—10 


m 


94 








^7,7 


—8.1 





As I consider these results of Deluc va- added the two columns marked Cent and 

Ivable, in so far as they enable us to com- Pahr. to give at once the reductions to 

pare directly the expansions in glass of the centigrade and Fahrenheit graduation, 

these differeat thermometric liquids, I have The alcohol was of such strength that iti 
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ftaune kindled gunpowder, and it was found 
that the results were not much changed by 
a small difference in the strength of the 
spirit. The brine was water saturated with 
common salt. 

M. Biot, in the first volume of his elabo* 
rate JYaiif de Phftique, has investigated 
sevefal empyrical formulx, to represent 
the laws of dilatation of the different fluids. 
They are too complex for a work of this 
nature. He shows that for all liquids whose 
dilatations have been hitherto observed, 
the general march of this dilatation may 
be represented at every temperature by an 

expression of this form, t =: at '^' bt* -f* 
ct3y in which t denotes the temperature in 
degrees of the mercurial thermometer; abc 
constant coefficients, which depend on the 

nature of the liquid, and / the true dilata- 
tion for the volume 1.0 from the tempera- 
ture of melting ice. We shall content our- 
selves with giving one exatnple, from which 
we may judge of the great geometrical re- 
sources of this philosopher. For olive oil 

the formula becomes T = 0.95067 T + 
0.00075 Ta— 0.000001667 T». 

The following table g^ves its results com- 
pared with eiq)eriment. 
Of the mercurioL Calculated, Observed, 

80<» 80« 80? 

70 69.64 69.41 



O/themercwnal Calculated. Observed. 
60* 59.37** 59.3** 

50 49.2 49.2 

40 39.12 39.2 

30 29.15 29.3 

20 19.30 19.3 

10 9.58 9.5 

0.0 0. 

M. Gay.Lussac has lately endeavoured 
to discover some law which should corres* 
pond with the rate of dilatation of different 
liquids by heat. For this purpose, instead 
of comparing the dilatations of different 
liquids, above or below a temperature uni- 
form for all, he set out from a point variably 
with regard to temperature, but uniform af 
to the cohesion of the particles of the bo- 
dies; namely, from the point at which each 
liquid boils under a given pressure. Among 
those which he examined, he found twp 
which dilate equally from that point, viz. 
alcohol and sulphuret of carbon, of which 
the former boils at 173.14®, the latter at 
115.9* Fahr. The other liquids did no|k 
present, in this respect, the same resem- 
blance. Another analogy of the atove two 
liquids is, that the same volume of each 
gives, at its boiling point, under the same 
atmospheric pressure, the same vohime of 
vapour; or in other words, that the densities 
of their vapours are to each other as those 
of the liquids at their respective boiling 
temperatures. The following table shows 
the results of this distinguished chemist 





TABLE of the Contractions of 1000 


parts in 


volume^ by 


cooling. 






Water. 


jilcohoL 


Sulphuret of Curb. 


Ether. 


Contract 


Ditto 


Contract 


Ditto 


Contract 


intto 


Contract] Ditto 


Bj^. 


by expU. 


calculated. 


by exp't 


calculated. 


by expU. 


calculated. 


by exp^t. calculated. 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


3.34 


3.35 


5.55 


5 56 


6.14 


6.07 


8.15 


8.16 


—10 


6.61 


6.65 


1143 


11.24 


12.01 


12.08 


1617 


16.01 


—15 


10.50 


9.89 


17.51 


17.00 


1 .98 


17.99 


24.16 


2.S.60 


—20 


13.16 


13.03 


24.34 


23.41 


2380 


23.80 


3183 


30.92 


—25 


16.06 


16.06 


29 15 


28.60 


29.65 


29.50 


^914 


38.08 


—30 


18.85 


18.95 


34.74 


34.37 


35.06 


35J)5 


46.42 


45.04 , 


—35 


21.52 


21.67 


40.28 


40.05 


40.48 


40.43 


52^06 


51.86 


—40 


24.10 


24.20 


45,68 


45 66 


45.77 


45.67 


5877 


5877 


—45 


26.50 


26.52 


50.85 


51.11 


51.08 


50.70 


65-18 


65.20 


—50 


28.56 


28.61 


56.0? 


56 37 


56.28 


55.52 


72 01 


7179 


—55 


30.60 


30.43 


61.01 


61.43 


61.14 


60 12 


78.o8 


78.36 


—60 


32.42 


31.96 


6596 


66.23 


66.21 


64.48 






—65 


34.02 


33.19 


1074 


70.75 










—70 . 


35.47 


34.09 


75.48 


74.93 










--75 


36.70 


34.63 


80.11 


78.75 




• 


1 ' 



Their respective boiling points are: 
Water, • 100® Cent = 213* F. 

Alcohol* . - 7841 173 

Sulphuret of carb. 46.60 126 

Sulphuric ether,. 35*66 96 

Vol. I, 



The experiments were made in thermo* 
meter vessels, hermetically sealed. 

Alcohol, at 78.41** cent, produce* 4818,3 
its Tid«.of vapour. 

91 
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Sulpburet of carbon, at 46.60* cent pro- 
duces 491.1 its vol. of vapour. 

Ether, at 35.66^ cent, produces 385.9 its 
▼ol. of vapour. 

Water, at lOO.OO* cent, produces 1633.1 
its vol. of vapour. 

Dr. Thomson, treating of expansion, 
•tates, that '* different kinds of glass differ 
•o much from each other, that no general 
rule can be laid down."— System, vol. i. 
pa(^ 73. This statement is at variance 
with the results of MM. Dulong and Petit, 
as well as of my own pyrometrical mea- 
liurements. ** Nor have we found," say 
these accurate observers, " any apprecia- 
ble difference between the effects observed 
in tubes of ordinary glass obtained from 
different manufactories, whatever was their 
ealibre or their thickneBS." I believe the 
differences to have arisen from the errors 
of the previous pyrometrical measure- 
ments, applied to a body whose dilatation 
is so small. Thus General Roy, perhaps 
the most accurate of all experimenters, 
found at one time, that a glass tube ex- 
panded four times as much as a rod; and 
he afterwards found; on the contrary, that 
the rod expanded more than the tube by 
about ^, the glass being from the same 
pot. I found, that a rod and tube made 
out of the same glass pot expanded the 
same quantity, through a range of 400*- 
Fahr.; and believe, that such crystal or 
flint-glass as is used in Great Britain for 
chemical purposes, is wonderfully uniform 
in its rate of dilatation by heat, through 
the same portions of the thermometric 
scale. Nor are the differences considera- 
ble between the expansions of crown and 
plate glass. 

The different rate of expansion which 
liquids undergo, by the same degree of 
temperature, has been theorized upon by 
Dr. Thomson; and as this is the only ex* 
ample in his writings in which he has ven- 
tured to propound an original philosophi- 
cal law, it is entitled to examination. 



" The expansion of liquid bodies difiers 
from that of tlie elastic fluids, not only in 
quantity, but in the want of uniformity 
with which they expand, when equal ad- 
ditions are made to the temperature of 
each. This diflerenee seems to depend 
upon the fixity or volatility of the coropo- 
nent parts of the liquid bodies; for in gene- 
ral those liquids expand most by a given 
addition of heat whose boiling tempera- 
tures are lowest, or which contain in them 
an ingredient which readily assumes the 
gaseous form. Thus mercury expands 
much less when heated to a given tempera- 
ture than water, which boils at a beat mucli 
inferior to mercury; and alcohol is much 
more expanded than water, because its 
boiling temperature is lower. In like man- 
ner, nitric acid is much more expanded 
than sulphuric acid, not only because its 
boiling point is lower, but because a por- 
tion of it has a tendency to assume the 
form of an elastic fluid. I'his rule holds at 
least in all the liquids whose expansions I 
have hitherto tried. We may consider it 
therefore as a. pretty general fact, that the 
higher the temperature necessary to cause 
a liquid to boil, the smaller the expansion 
is which is produced by the addition of a 
degree of heat; or, in other words, the ex- 
pansibility of liquids is nearly inversely 
as their boiling temperatures.'*— TAoiMon^ 
ChemUtry^ 5th edMon, vol. i. pp. 66 and 67. 

Afler enforcing, in such varied' expres- 
sions, his new law, that the lower the bal- 
ing point of a liquid is, the greater is its 
expansibility by heat, one would not ex- 
pect to find it completely abrogated and 
set at nought, by a table of experimental 
results in the very same page. Yet such is 
the fact, as its quotation will prove. 

" The following table exhibits the dila- 
tation of various liquids, from the tempera- 



«* Alcohol, 
Nitric acid, (sp. gr. 1.40) 
Fixed oils. 
Sulphuric ether. 
Oil of turpentine. 
Muriatic acid, (sp. gr. 1.137.) 
Sulphuric acid, (sp. gr. 1.85.) 



0.1100= 4 



0.1100^ 'i 
0.080 »=tV 
0.070 =-^ 
0.070 =* A 
0.060 = tV 

. . . . „ , 0060 =^ 

Watersaturatedwithcommonsalty 0.05 =s iV 
Water, - * . . 0.0466=^ 

Mercury, . . 0.02 =» ^^ 



boiling point. 


174' 


ditto 


247 


ditto 


600 


ditto 


98 


ditto 


314 


ditto 


217 


ditto 


620 


ditto 


225 


ditto 


212 


ditto 


65e 



I have added the boilmg points as set are as 2 to 3. But the most amuiinr aios- 

down m his System. M^e here remark that tration of the contHtrte of Dr. Thomson's 

alcohol and nitnc acid have the same rate kw, is presented by himself ^th remrd 

of ex|>ansion affixed, though the distances to fixed oU and ether, the former h^ 

irf their re8t>eaive boUmg poinU from 32^ the s^eat^ expansion, thougb iU boUbg 
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poinl IS abop.t '.pen timet mor^ distant in 
thermometHc" degrees, than that of ether, 
from 33^. flther and oil of turpentine ex- 
pand the same proportion, and yet their 
boiling points differ by 216*. But muriatic 
acid and sulphuric acid also expand the 
same qui^ty, though their boiling points, 
and •• their tendencies to assume the form 
of an elastic fluid" are exceedingly differ- 
ent. Finally^ water expands less than sul- 
phuric a<^id. While its boiling temperature 
IS greatly Umer, Had Dr. Thomson pro- 
pounded the venr reverse proposition, viz. 
that the rate of expansion in Squids is 
higher the higher their boiling temperatures, 
he would have' encountered fewer contra- 
dictdry facts, though still enow to explode 
the generality of the principle. In a philo- 
sophical system of chemistry, examples of 
such false i«asoning are injurious to the 
student, and lower tJ&e rank of the science. 

Mercury in its expansions, follows the 
rate of fluid metals, and therefore is not 
pr{>peTly comparable to oily, watery, or 
spirituous liquids. It is curious that one of 
the examples which Dr. Thomson adduces 
to illustrate his pretended rule, which 
** holds, he says, at least in all the liquids 
whose expansion I have hitherto tried," 
actually breaks it; for alcohol expands fully 
a half more than ether; and yet, the inter- 
val from its boiling point to 32®, is more 
than double that interval in ether, instead 
of being greatly less as his law requires. 
Since his table obviously disqualifies wa- 
ter, alcohol, ether, oils, and acids, from 
constituting such a series in expansion, as 
his rule requires, one may naturally ask 
this celebrated ehemist, what are "the li- 
quids whose expansion he has hitlierto 
tried? 

. In solid metals, the expansion seems to 
be greater, the less their tenacity and den- 
sity, though to this general position, we 
have striking exceptions in antimony and bis- 
muth, provided they were accurately mea- 
sured by Smeaton's apparatus, of which, 
however, I have reason to doubt. The least 
flexure in the expanding rods, will evi- 
dently make the expansions come out too 
small. If metallic dilaUbility vary with 
some unknown function of density and 
tenacity, as is probable a priori^ we would 
expect their rate of expansion to increase 
with the temperature. This view coincides 
with the following results of MM. Dulong 
and Petit. 

Temperaturet by ExpanaioM in 

dilatation of air. bulk of 

Iron. Cop. Plat. 
(f to 100*», cent; give j\-j TTT tIt 

OP to 300®, mean quantity, ^^y yf^ -jj^ 
Tripling these denominators, we have 
the linear expansions, fractionally express- 
ed/ thus: 



0® to 100® cent. 
0*> to 300®, mean. 



Iron. Cop. Plat. 
TTT TfT TTSTT 
TTTTiTTirrT 



To multiply inductive generalizations, 
that is, to groupe together facts which 
have some important qualities common to 
them all, is the main scope and business of 
philosophy. But to imagine phenomena, or 
to twist real phenomena into a shape suit- 
ed to a preconceived constitution of things, 
was the vice of the Peripatetic schools, 
which Bacon so admirably exposed; of 
which in our times and studies, according 
to MM, Dulong and Petit, Mr. Dalton*s 
speculations on the laws of heat, afford a 
striking example. 

Mr. Dalton has the merit of having first 
proved that the expansions of all aeriform 
bodies, when insulated from liquids, are 
uniform by the same increase of tempera- 
ture; a fact of great importance to practi* 
cal chemistry, which was fully verified by 
the independent and equally original re- 
searches of M. Gay-Lussac on the sub- 
ject, with a more refined and exact appa- 
ratus. The latter philosopher demonstra- 
ted, that 100 in volume at .?2® Fahr. or 0® 
cent, become 1.375 at 212® Fahr. or 100 
cent. Hence the increment of bulk for each 
degree F. x^.'^'x^ = a002083 = TT<r5 
and for the centigrade scale it is \qq = 



=0.00375 



To reduce any vo- 
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lume of gas, therefore, to the bulk it would 
occupy at any standard temperature, we 
must multiply the thermometric differene© 
in degrees of Fahr. by 0.002083, or ^^^ 
subtracting the product from the given vo« 
lume, if the gas be heated above, but adding 
it, if the gas be cooled below, the standard 
temperature. Thus 25 cubic inches at 120® 
Fahrenheit wiU at 60® occupy a volume of 
21f' for ^^ X 60 = ^=i, and V 
=3|, which, taken from 25, leaves 2lJ» 
A table of reduction will be found under 
Gas. When the table is expressed deci- 
mally, indeed, to 6 or 7 figures, it becomes 
more troublesome to apply than the above 
rule. Vapours, when heated out of con- 
tact of their respective liquids, obey the 
same law as gases, a discovery due to M. 
Gay-Lussac. 

We shall now treat of the anomaly pre- 
sented by water in its dilatations by change 
of temperature, and then conclude this 
part of tlie subject with some practical ap- 
plications of the preceding facts. 

The Florentine academicians, and after 
them Dr. Croune, observed, that on cooling 
in ice and salt, the bulb of a thermometric 
glass vessel filled with water, the liquid 
progressively sunk in the stem, till a cer- 
tain point, after which the further pro- 
gress of refrigeration was accompanied by 
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aa ucent of the liquid, indicatinr expan* 
•ion of the water. This curious phenome- 
non was first accurately studied by M. De 
Luc, who placed the apparent term of 

greatest density at 40® Fahr., and con si - 
ered the expansion of water from that 
point, to yary with equal amount, by an 



inereftie or decreaae. Hft^ng omitted to 
make the requisite correction for the rf- 
feet of the expansion of the glaas in which 
the water was contuned, it was found af- 
terwards by Sir Charles Blagden and Mr. 
Gilpin, who introduced this oorrection, 
th&t the real term of greatest density was 



equal change of temperature, whether <3f 39® F. 

The foll<noing Table /fivea their Experimental reeulte. 



Specific 
Gravity. 


Bulk of 
Water. 


^-/— • : tf/ 


Specific 

Gravity, 




100000 


39^ 1 1.0000Q 




1.00000 
99909 
0.9<i998 
0.99996 
0.9999* 
0.99991 
0.99988 


1.00000 
l.OOOOl 
1.00002 
1.00004 
1.00006 
1.00008 
1.00012 


38 
37 
S6 
35 
34 
33 
32 


40 
41 

42 

43 
44 
45 
46 


ismoo 

1.00001 
1.00002 
1.00004 
1.00006 
1.00009 
100012 


1.00000 
0.99999 
0.99998 
0.99996 
0.99994 
0.99991 
0.99988 



By weighing a cylinder of copper and of 
glass in water at different temperatures, the 
maximum density comes out 40® F. Final- 
ly Dr. Hope, in 1804, published a set of ex- 
periments in the Edin. Phil Trans, in which 
the complication introduced into the ques- 
tion by the expansion of solids, is very phi- 
losophically removed. He shows that water 
exposed in tall cylindrical vessels, to a 
freezing atmosphere, precipitates to the 
bottom its colder particles, till the tempe- 
rature of the mass sinks to 39.5® F. after 
which the colder pai'ticles are found at the 
surface. He varied the form of the experi- 
ment by applying a zone of ice, round the 
top, middle, and bottom of the cylinders; 
and in each case, delicate thernaometers 
placed at the surface and bottom of the 
water, indicated that the temperature 39.5®, 
coincided with the maximum density. We 
may therefore regard the point of 40®, adop- 
ted by the French, in settling their stand- 
ard of weights and measures, as sufficiently 
exact. 

The force with which solids and liquids 
expand or contract by heat and cold, is so 
prodigiously great as to overcome the 
strongest obstacles. Some years ago it was 
observed at the Conservatoire dea arts et 
metiers at Paris, that the two side walls of 
a gallery were receding from each other, 
being pressed outwards by the weight of 
the roof and floors. Several holes were 
made in each of the walls, opposite t(» one 
another, and at equal distances, through 
. which strong iron bars were introduced so 
as to traverse the chamber. Their ends 
outside of the wall were furnished with 
thick iron discs, firmly screwed on These 
Were sufficient to retain the walls in their 
actual position. But to bring them nearer 
together would have surpassed every effiart 
of human strength. All the alternate bars 



of the series were now heated at once by 
lamps, in consequence of which they were 
elongated. The exterior discs being thtis 
freed from contact of the walls, permitted 
them to be advanced farther, on the screw- 
ed ends of the bars. On removing tibe 
lamps, the bars cooled, contracted, and 
drew in the opposite walls. The other bars 
became in consequence loose at their- ex- 
tremities, and peiinitted their end plates 
to be further screwed on. The first ^series 
of bars being again heated, the above pro- 
cess was repeated' in each of its steps. Ay 
a succession of these experiments they re- 
stored the walls to the perpendicalar posi- 
tion; and could easily have reversed their 
curvature inwards, if they had chosen. 
The gallery still exists with iU bars, to at- 
test the ingenuity of its preserver M. Mo- 
lard. 

2d, Of the change of sitae produced in 
bodies by caloric, independent of change of 
composition. The three forms of matter, the 
solid, liquid, and g^eous, seem immediate- 
ly referable to the power of heat, modify- 
ing, balancing, or subduing cohesive attrac- 
tion. In the article blowpipe, we have shown 
that every solid maybe liquefied, and many 
of them, as well as all liquids, may be va- 
porized at a certain elevation of tempera- 
ture. And conversely almost every known 
liquid may be solidified by the reduction of 
its temperature. If we have not hitherto 
been able to convert the air and other elas- 
tic fluids into liquids or solids, it is proba- 
bly owing to the limited power we possess 
over thermometric depression. But we 
know, that by mechanical approximation 
of their elastic particles, an immense evo- 
lution of beat is occasioned, which must 
convince us that their gfaseity is intimately 
dependent on the operation of that repul- 
sive power. 
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Stt^orie etheo*, alwayv a Viqmd in oiif 
diniftle^ if exposed to the rigors of a Sibe- 
rian winter. Would become « solid, and, 
transported to the torrid zone, would form 
a permanent gas. The same transitions are 
lamtliar to us with regard to water, only 
its vaporizing point, being much higher, 
leads us at first to suppose steam an unna* 
tural condition. But by generalizing our 
ideas, we learn that there is really no state 
of bodies which can be called more natural 
than another. Solidity, liquidity, the state 
of vapours and gases, are only accidents 
connected with a particular level of tempe* 
rature. If we pass the easily condensed 
vapour of nitric acid through a red-hot glass 
tube, we shall convert it into gases which 
are incondensable by any degree of cold 
which we can command. The particles 
which formed the liquid can no longer join 
together to reproduce it, because their dis* 
tanoes are changed, and with these have 
also changed the reciprocal attractions 
which united them. 

Were our planet removed much further 
from the sun, liquids and gases would so* 
lidtfy; were it brought nearer that lumi- 
nary, the bodies which appear to us the 
most solid, would be reduced into thin in- 
visible air. We see, then, that the princi- 
ple of heat, whatever it may be, whether 
matter or quality, separates the particles 
of bodies when its energy augments, and 
aufiers them to approach when its power 
is enfeebled. By extending this view, it 
has been drawn mto a general conclusion, 
that this principle was itself the force which 
maintains the particles of bodies in egm- 
Ubrio against the effort of their reciprocal 
attraction, which tends continually to bring 
them together. But although this conclu- 
sion be extremely probable, we must re- 
member that it is hypothetical, and goes 
further than the facts. We see that the 
force which balances attraction in bodies 
may be favoured or opposed by the princi- 
ple of beat, but this does not necessarily 
prove that these forces are of the same na- 
ture. 

The instant of equilibrium which sepa- 
rates the solid from the liquid state, de- 
serves consideration. Whatever may be 
the cause and law of the attractions which 
the particles exercise on one another, the 
effect which results ought to be modified 
by their forms. When ail the other quali- 
ties are equal, a particle which may be cy- 
lindrical, lor example, will not exercise the 
same attraction as a sphere, on a point pla- 
ced at an equal distance from its centre of 
gravity* Thus in the law of celestial gravi- 
tation, the attraction of an ellipsoid on an 
exterior point, will be stronger in the di- 
rection of its smaller than in that of its 
larger axis, at the same distance from its 
surface. Now whatever be the law of at- 



tractions which holds together theparfS- 
cles of bodies, similar differences must ex- 
ist. These particles must be attracted more 
strongly by certain sides than by others. 
Thence must result differences in the man- 
ner of their arrangement, when they are 
sufiiciently approximated for their attrac- 
tions to overcome the repulsive power. 
This explains to us in a very probable man- 
ner, the regular ciystallizati on which most 
solid bodies assume,when they concrete un- 
disturbed. We may easily conceive how the 
different substance of the particles, as well 
as their different foi'm», may produce ia 
crystals all the varieties which we observe. 

The system of the world presents mag- 
nificent effects of this attraction dependent 
on figpure. Such are the phenomena of nu- 
tation and the precession of the equinoxes^ 
produced by the attractions of the sun and 
moon on the flattened spheroid of the earth. 
These sublime phenomena would not have 
existed, had the earth been a sphere; they 
are connected with its oblateness and rota- 
tion, in a manner which may be mathemati- 
cally deduced, and subjected to calculation. 

But the investigation shows, that this part 
of the attraction dependent on figure, de- 
creases more rapidly than the principal 
force. The latter diminishes as the square 
of the distance; the part dependent on 
figure diminishes as the cube of the dis- 
tance. Thus also, in the attractions which 
hold the parts of bodies united, we ought 
to expect an analogous difference to occur. 
Hence the force of crystallization may be 
subdued, before the principal attractive 
force is overcome. When the particles are 
brought to this distance, they will be indif- 
ferent to all the positions which they can 
assume round their centre of gravity; this 
will constitute the liquid condition. Sup- 
pose now that the temperature falling, the 
particles approach slowly to each other, and 
tend to solidify anew; then the forces de- 
pendent on their figure will come again in- 
to play, and in proportion as they increase, 
the particles jsolicited by these forces will 
take movements round their centres of 
gravity. They will turn towards each other 
their faces of greatest attraction, to ai-rive 
finally at the positions which their crystal- . 
lization demands. Now according to the 
figure of the particles, we may conceive 
that these movements may react on their 
centre of gravit}', and cause them to ap- 
proach or recede gradually from each other, 
till they finally give to their assemblage the 
volume due to the solid state; a volume 
which in certain cases may be greater, and 
in others smaller, than that which they oc- 
cupied as liquids. These mechanical con- 
siderations thus, explain, in the most pi*ob- 
able and satisfactory manner, the dilatations 
and contractions of an irregular kind, which 
certain hquids, such as water and mercu- 
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ty, experience, on approaching^ the term of 
their congelation. Having gfiven these gen- 
eral views* we may now content ourselves 
with stating the facts as much as possible 
in a tabular form. 

TJtBLE of the Cmtcretmg or Congealing 
Temperatureoofwirioua Liqmdo, by Fah- 
mEMHBiT's Scale, 

Sulphuric ether, - — 46® 

liquid ammonia, - - — 46 

Nitric acid, sp. gr. 1.424 —45.5 

Sulphuric acid, sp. gr. 1.6415 — 45 
Mercury, - - —39 

Nitric acid, sp. gr. 1.407 —30.1 

Sulphuric acid, - 1.8064 — 26 
Nitric acid, • - 1.3880—18.1 

00. do. - 1.2583—17.7 

I>o. do. 1.3290 — 2.4 

Brandy, - - —7.0 

Sulphuric acid, - 1.8376 -f 1. 
Pure prussic acid, - 4 to 5 

Common salt, 25 + water 7S 4 

Do 22.2+ do. 77.8 7.2 
Sal ammoniac, 20 + do. 80 8 

C. salt, 20 + do. 80 9.5 

I>e. 16.1-1. do. 83.9 13.5 

Oil of turpentine, - - 14. 

Strong wines, - - - 20 

Rochelle salt, 50 + water 50 21. 

C. salt, 10 + do. 90 21.5 

Oil of bergamot, - - 23 

Blood, ... 25 

C. salt, 6.25 + water 93.75 25.5 
Eps salts, 41.6+ do. 58.4 25.5 
Nitre, 12.5 + do. 875 26. 

C.salt, 4.16+ do. 95.84 27.5 
Copperas, 41.6+ do. 584 28 
Vinegar, - - - 28 

Sul. of zinc, 53.3 + water 46.7 286 
Milk, ... 30 

Water, - - - 32 

Olive oil, - - - 36 

Sulphur and phosphortis, eq. parts, 40 
Sulphuric acid, sp. gr. 1.741 42 

Do. do. . 1.780 46 

Oil of anise, - - 50 

Concentrated acetic acid, 50 

Tallow, Dr. Thomson, - 92 

Phosphorus, - 108 

Stearin from hog's lard, - - 109 
Spermaceti, - - - - 112 
Tallow, Nicholson, ... 127 
Margaric acid, - - - . 134 
Potassium, .... 136.4 
Yellow wax, - - - - 142 

Do. Do 149 

White wax, . - - -155 

Sodium, 194 

Sulphur, Dr. Thomson, - - 218 

Do. Dr. Hope, . . .234 

Tin, 442 

Bismuth, 476 

Lead 612 

rmc, by Sir H .Davy, - . 680 
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Zink, Brongniart, - - - 698* 
Antimony, .... 809? 

See PTROMETsm for higher heats. 

The solidifying temperature of the bo- 
dies above tallow, in the table, is usually 
called their freezing or congealing point; 
and of tallow and the bodies below it, the 
fusing or melting point. Now, though these 
temperatures be stated, opposite to some 
of the articles, to fraetiono of a thermo- 
metric degree, it must be observed, that 
various circumstances modify the concret- 
ing point of the liquids, through oeveral 
degrees} but the liquefying points of the 
same bodies, when once solidified, are uni- 
form and fixed, to the preceding tempera- 
tures. 

The preliminary remarks which we of- 
fered on the forces concerned in the tran- 
sition from liquidity to solidity, will in some 
measure explain these variations; and we 
shall now illustrate them by some xnatruc- 
tive examples. 

If we fill a narrow-mouthed matrass with 
newly distilled water, and expose it very 
gradually to a temperature considerably 
below 32®, the liquid water will be observ- 
ed, by the diermometer left in it, to have 
sunk 10 or 11 degrees below its usual point 
of congelation. M. Gay-Lussac, by cover- 
ing the surface of the water with oil, has 
caused it to cool 21^ degrees Fahr. belov 
the ordinary freezing temperature. Its vo- 
lume at the same time expanded as much 
as if it had been heated 21i degrees above 
32®. According to Sir Charles Slagden, to 
whom the first of these two observations 
belongs, its dilatation may amount to X-7th 
of the total enlargement, which it receives 
by solidifying. Absolute repose of the li- 
quid particles is not necessary to ensure 
the above phenomenon, for Sir Charles stir- 
red water at 21® without causing it to 
freeze, but the least vibration of their mass^ 
or the application of icy spiculx, by tlie 
atmosphere, or the hand, determines an 
instantaneous congelation. 

We may remark here, that the dilatation 
of tlie water increasing as it cools, but to a 
less extent than when it concretes, is a proof 
that its constituent particles, in obedience 
to the cooling process, turn their poles 
more and more towards the position of the 
maximum attraction, which constitutes 
their solid state. But this position may be 
determined instantaneously by the ready 
formed aqneoua solid, the particles of 
which presenting themselves to those of 
the liquid, by their sides of greatest attrac- 
tion, will compel them to turn into similar 
positions. Then the particles of the liquid 
first reverted will act on their neighbours 
like the exterior crystal, and thus from 
point to point the movement will be pro. 
pagated through the whole mass, till all be 
congealed. The vibratory movements act by 
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Utrowftigtheptfticlesy into positions favor- 
able for their mutual attraction. 

The very same phenomena occur with 
saline solutions. If a hot saturated solution 
of Glauber's salt be cooled to 5o^ under a 
film of oil, it will remain liquid, and will 
bear to be moved about in the hand with- 
out any change; but if the phial containing 
it be placed on a vibrating table, crystal- 
lization will instantly take place. In a paper 
on saline crystallization which I published 
in the 9th number of the Journal of Science, 
I g'ave the following illustration of the 
above phenomena. " The effect of mechani- 
cal disturbance in determining crystalliza- 
tion, is illustrated by the symmetrical dis- 
position of particles of dust and iron, by 
electricity and magnetism. Strew these up- 
on a plane, and present magnetic and elec- 
tric forces at a certain distance from it, no 
effect will be produced. Communicate to 
tlie plane a vibrating movement; the parti- 
cles, at the instant of being liberated.from 
the friction of the surface, will arrange 
themselves according to the laws of their 
respective magnetic or electric attractions. 
The water of solution in counteracting so- 
lidity, not only removes the particles to dis- 
tances beyond the sphere of mutual attrac- 
tion, but probably also inverts their attract- 
ing poles.** Perhaps the term avert would 
be more appropriate to liquidity, to denote 
an obliquity of direction m the attracting 
poles; and revert might be applied to gasei- 
ty, when a repulsive state succeeds to the 
feebly attractive powers of liquid particles. 
The above table presents some interest- 
ing particulars relative to the acids. I have 
expressed their strengths, by specific gra- 
vity, from my tables of the acids, instead of 
by the quantity of marble which 1000 grains 
of them could'dissolve, in the original state- 
ment of Mr. Cavendish. Under the heads of 
nitric acid and equivalent, some observa- 
tions will be found on these peculiarities 
with regard to congelation. We see that 
common salt possesses the greatest effica- 
cy in counteracting the congelation of wa- 
ter; and nest to it, sal ammoniac. Mr. Crigb- 
ton of Glasgow, whose accuracy of obser- 
vation is well known, has remarked, that 
when a mass of melted bismuth cools in the 
air, its temperature falls regularly to 468*, 
from which term it however instantly 
springs up to 476®, at which point it re- 
mains till the whole be consolidated. Tin 
in like manner sinks and then rises 4 de- 
grees; while melted lead, in cooling, be- 
comes stationary whenever it descends to 
612*^. We shall presently find the probable 
cause of these curious phenomena. 

Watier, all crystallizable solutions, and 
the three metals, cast-iron, bismuth, and 
antimony, expand considerably in volume, 
at the insunt of solidification. The greatest 
<>b8taclefi cannoj( resist the exertion of this 



expansive force. Thus glass bottles, trunks 

of trees ,iron and lead pipes, even mountain 
rocks, are burst by the dilatation of the wa- 
ter in their cavities, when it is converted 
into ice. In the same way our pavements 
are raised in winter. The beneficial opera- 
tion of this cause is exemplified in the com- 
minution or loosening the texture of dense 
clay soils, by the winter*s frost, whereby the 
delicate fibres of plants can easily penetrate 
them. Major Williams of Quebec, burst 
bombs, which were filled with water and 
plugged up, by exposing them to a freezing 

There is an important circumstance oc- 
curs in the preceding experiments on the 
sudden congelation of a body kept liquid 
below its usual congealing temperature, to 
which we must now advert. The mass, at 
the moment its crystallization commences, 
rises in temperature to the term marked in 
the preceding table, whatever number of 
degrees it may have previously sunk below: 
it. Suppose a globe of water suspended^ in 
an atmosphere at 21^ F.; the liquid will cool 
and remain stationary at this temperature* 
till vibration of the vessel, or contact of a 
spicula of ice, determines its concretion^ 
when it instantly becomes 11 degrees hot- 
ter tlian the surrounding medium. We owe 
the explanation of this fact, and its exten- 
sion to many analogous chemical phenome- 
na, to the sagacity of Dr. Black. His trulv 
philosophical mind was particularly struck 
by the slowness with w^ich a mass of ice 
liquefies when placed in a genial atmos- 
phere. A lump of ice at 2'2? freely suspend- 
ed in a room heated to 50^, which will rise 
to o!^^ in 5 minutes, will take 14 times 5, 
or 70 minutes, to melt into water, whose 
temperature will be only 32^. Or. Black susr 
pended in an apartment two glass globes of 
the same size alongside of each other, one 
of which was filled with ice at 32^, the 
other with water at 33^. In half an hour the 
water had risen to 40^; but it took 10^ 
hours to liquefy the ice and heat the result- 
ing water to 40^. Both these experiments 
concur therefore in showing that the fusion 
of ice is accompanied with the expenditure 
of 140 degrees of calorific energy, which 
have no effect on tlie thermometer. For the 
first experiment tells us that 10 deg^rees of 
heat entered the ice in the space of 5 mi« 
nutes, and yet 14 times that period passed 
in its liquefaction. The second experiment 
shows that 7 degrees of heat entered the 
globes in haJf an hour; but 21 half hours 
were required for the fusion of the ice, and 
for heating of its water to 40^ If from the 
product of 7 into 21 ==: 147, we subtract the 
7 degrees which the water was above 33, 
we have 140 as before. But the most simple 
and decisive experiment is to mingle a 
pound ef ice in small fragments with a 
pound of water at 172^. Its lique^Ktion if 
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ififtently accomplished, but the tempera- 
ture of the mixture is only 32^. Therefore 
140* of heat seem to have disappeared. 
Had we mixed a pound of ice-cold water 
with a pound of water at 172®, the result- 
ing temperature would have been 102°, 
proving that tlie 70® which had left the hot- 
ter portion, were manifestly transferred to 
that which was co<jler The converse of the 
preceding experiments may also be de- 
monsti'ated; for in suspendiirg a flask of 
water, at 35® for example, in an atmosphere 
«t 20®, if it cool to 3:^® in 3 minutes, it will 
take 140 minutes to be converted into ice 
e^ 32®; because the heat emanating at the 
rate of 1® per minute, it will require that 
time for 140® to escape. The latter experi- 
ment* however, from the inferior conduct- 
ing power of ice, and the uncertainty when 
all is frozen- is not susceptible of the pre- 
cision which tlie one immediately preceding 
admits. The tentli of 140 is obviously 14; 
and hence we may infer that when a certain 
quantity of water, cooled to 22®, or 10®, be- 
low 32®, is suddenly caused to congeal, 
1-I4th of the weight will become solid. 
• We can now understand how the thaw 
which supervenes after an .intense frost; 
should BO slowly melt the wreaths of snow, 
and beds of ice, a phenomenon observable 
in these latitudes from the origin of time, 
but whose explanation was resented for Dr. 
Black. Indeed, had the transition of water 
from its solid into its liquid state not been 
accompanied by this great change in its re- 
lation to heat, every thaw would have occa- 
sioned a frightful inundation, and a single 
night's frost would have solidified our ri- 
ver^ and lakes. Neither animal nor vegeta- 
ble life could have subsisted under such 
sudden and violent transitions. Mr. Caven- 
dish, who had discovered the above fact, 
before he knew of its being inculcated by 
Dr. Black in his lectures, states the quan- 
tity of heat which ice seems to absorb in 
its fusion to be 150®; Lavoisier and Laplace 
9nake it 135®; a number probably correct, 
from the pains they took in constructing, 
on this basis, their calorimeter. The fixity 
Qf the melting points of bodies exposed to 
a strong heat need no longer surprise us; 
because till the whole mass be melted, the 
heat incessantly introduced, is wholly ex- 
-pended in constituting liquidity, without 
increasing the temperature. We can also 
4;omprehend how a liquid metal, a saline 
solution, or water, should in the career of 
refrigeration, sink below the term of its 
congelation, and suddenly remount to it. 
"Hiose substances, in which the attractive 
force that reverts the poles into the solid 
arrangement acts most slowly or feebly, 
will most readily permit this depression of 
temperature, before liquidity begins to 
4ietLBe. IHius bismuth, a brittle metal, takes 
S^-ofcoolifig below its ineltlbg poiat, to de* 



termine its solidification; tin takes 4®, but 
lead passes so readily into the solid ar- 
rangement that its cooling is at once arrest- 
ed at its fusing temperature. In illustration 
of this statement, we may remark, that the - 
particles of bismuth and tin lose their co- 
hesive attraction in a great measure long 
before they are heated to the melting point;- 
though lead continues relatively cohesive' 
till it begins to melt. Tin may be easily pul- 
verized at a moderate elevation of tempe- 
rature, and bismuth in its cold state. The 
instant, however, that these two metals^ 
when melted, begin to congeal, they rise 
to the proper fusing temperature, because 
the caloric of liquidity is then disengaged. 
Drs. Irvine, father and son, to both of 
whom tlie science of heat is deeply in- 
debted, investigated the proportion of ca* 
loric disengaged by several other bodies 
in their passage from the liquid to the so- 
lid state, and obtained the following re- 
sults: 



Caloric of 


Do, 


referred to tJie 


liquidity* 


•p. 


heatrflfpatei\ 


Sulphur, 143.68 




27.14 


Spermaceti, 145. 




, 


Lead, 162. 




5.6 


Bees wax, 175. 




^ 


Zinc, 493. . 




48.3 


Tin, 500. 




33. 


Bismuth, 550 




23.25 



The quantities in the second column ar6 
the deg^es by which the temperatures of 
each of the bodies in its solid state, would 
have been raised by the heat disengaged 
during its concretion. An exception must 
be made for wax and spei-maceti; which 
are supposed to be in the fluid state, when 
indicating the above elevation. Dr. Black 
imagined that the new relation to heat 
which solids acquire by liquefaction, was 
derived from the absorption, and intimate 
combination of a portion of tliat . fluid, 
which thus employing all its repulsive enef« 
gies in subduing the stubborn force of co- 
hesion, ceased to have any thermonietric 
tension, or to be perceptible to our sensed. 
He termed this supposed quantity of calo- 
ric, their latent heat; a term very conveni- 
jent and proper, while we regard it simply 
as expressing the relation which the "calo- 
rific agent bears to the same body in its fluid 
and solid states. To the presence of a cer- 
tain portion of latent or combined heat in 
solids. Dr. Black ascribed their peculiar de- 
grees of softness, toughness, malleability. 
Thus we know that the condensation of a 
metal by the hammer, or under the die, 
never fails to render it brittle, while, at 
thp same time, heat is disengaged. BerOiol- 
let subjected equal pieces of copper arid 
silver to repeated strokes of a fly press. 
The elevation of their temperature, ^diidi 
WW consldcrabte by tbe fim Uow^ ^isua* 
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isfaed greatly ftt each succeeding' one, and 
became imenaible whenever the condensa^ 
tion of volume ceased. The copper suffered 
greatest condensation, and evolved most 
heat. Here the analogy of a sponge, yield- 
ing its water to pressure, has been employ, 
ed to illustrate the materiality of heat sup- 
posed deducible from these experiments. 
But the phenomenon may be referred to 
the Intestine actions between the ultimate 
particles which must accompany the vio- 
lent didocation of their attracting poles. 
The cohesiveness of the metal is greatly 
impaired. 

The enlargfed capacity for heat, to use 
the popular expression, which solids ac- 
quire in liquefying, enables us to under- 
stand and apply the process of artificial 
cooling', by what are called freezing mix- 
tures. When two solids, such as ice and 
salt, by their reciprocal affinity, give birth 
to a liquid, then a very great demand for 
heat is made on the surrounding bodies; 
or they arc powerfully stripped of their 
heat, and their temperature sinks of course. 
Pulverulent snow and salt mixed at 32**, 
will produce a depression of the thermo- 
meter plunged into them of about 3b". The 
more rapid the liquefaction, the greater 
the cold. Hence the paradoxical experl- 
ment of setting a pan on the fire contain- 
ing^ the above freezing mixture with a small 
▼essel of water plunged into it. In a few 
seconds the Water will be found to be fro- 
zen. The solution of all crystallized salts 
is attended with a depression of tempera- 
ture, which increases generally with the 
solubility of the salt. 

The table of freezing mixtures in the 
Appendix, presents a copious choice of 
such means of refrigeration. Equal parts 
of sal ammoniac and nitre, in powder, form 
tlie most convenient mixture for procuring 
moderate refrigeration; because the water 
of solution being afterwards removed by 
evaporation, the pulverized salts are equal- 
ly efficacious as at first. Under the articles 
Climate, Congelatioii, Tempera- 
ture, Thermo meter, and Water, some 
additional facts will be found on the pre- 
sent subject. 

But tlie diminution of temperature by 
liquefaction is not confined to saline bodies. 
When a solid amalgam of bismuth, and a 
solid amalgam of lead, are mixed together, 
they become fluid, and the thermometer 
sinks during the time of their action. 

The equilibrium between the attractive 
and repulsive forces which constitutes the 
liquid condition of bodies, is totally sub- 
verted by a definite elevation of tempera- 
ture, when the external compressing forces 
do not vary. The transition from the liquid 
state into that of clastic fluidity is usually 
accompanied with ceirtain explosive move- 
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ments, termed ebullition. The peealiaf tern* 
peratures at which different liquids under* 
go this change is therefore called their 
boiling point; and the resulting elastic fluid 
is termed a vapour, to distinguish it from 
a ffa9, a substance permanently elastic, and 
not condensable as vapours are, by mode- 
rate degrees of refrigeration. It is evident 
that when the attractive forces, however 
feeble in a liquid, are supplanted by strong 
repulsive powers, the distances between 
the particles must be greatly enlarged. 
Thus a cubic inch of water at 40* becomes 
a cubic inch and l-25th on the verge of 
212**. and at 212* it is converted into 1600 
cubic inches of steam. I'he existence of 
this steam indicates a balance between its 
elastic force and the pressure of the at* 
mosphere. If the latter be increased beyond 
its average quantity by natural or artificial 
means, then the elasticity of the steam will 
be partially overcome, and a portion of it 
will return to tlie liquid condition. And 
conversely, if the pressure of the air be less 
than its mean quantity, liquids will assume 
elastic fluidity by a less intensity of calo* 
rific repulsion, or at a lower thermometric 
tension. Professor Robison performed a set 
of ingenious experiments, which appear 
to prove, that when the atmospheric pres* 
sure is wholly withdrawn, that is, in imcuv, 
liquids become elastic fluids 124* below 
their usual boiling points. Hence water t^ 
vacuo will boil and distil over at 212* — 
124 — 88® Fahr. This principle was longf 
ago employed by the celebrated Watt in 
his researches on the steam engine, and has 
been recently applied in a very ineeniouft 
way by Mr. Tritton in his patent still, (Phil. 
Mag. vol. 51.), and Mr. Barry, in his eva- 
porator for vegetable extracts, (Med. Chip. 
Trans, vol. 10) See Alcohol, Distilla- 
tion, Extracts. 

On the same principle of the boiling, vary- 
ing with the atmospheric pressure, the ReT. 
Mr. Wollaston has constructed his beauti- 
ful thermometric barometer for measurin|^ 
heights. He finds that a difference of 1® in 
the boiling point of water is occasioned hf 
a difference of 0.589 of an inch on the ba- 
rometer. This corresponds to nearly 520 
feet of difference of elevation. By using 
the judicious directions which he has given* 
the elevation of a place may thus be rigor- 
ously determined, and with great conveni- 
ence. The whole apparatus, weighing 90 
ounces, packs in a cylindrical tin case, 2 
inches diameter, and 10 inches lon^. 

When a vessel containing water is placed 
over a flame, a hissing sound or simmer- 
ing is soon perceived: This is ascribed to 
the vibrations occasioned by the successive 
vaporization and condensation of the parti- 
cles in immediate contact with the bottom 
of the vessel. The sound becomes louder m 
S2 
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the lijqojd is heated, and teraiinatea in tbul* 
Htion. The temperature becomes now of a 
sudden stationarj^ when the vessel is open, 
however rapidly it rose before, and whate- 
ver force of fire be applied. Dr. Black set 
a tin cup full of water at 50®, on a red hot 
iron plate. In four minutes it reached the 
boiling point, and in twenty minutes it was 
all boiled off. From 50* to 212®, the eleva- 
tion is 162® J which interval, divided by 4, 
gives 40|® of heat, which entered the tin 
cup per minute. Hence 20 minutes, or 5 
times 4 multiplied into 40| == 810, will 
represent the quanUty of heat that passed 
into the boiling water to convert it into a 
Tapour. But the temperature of this is still 
only 212®. Hence, according to Black, these 
810® have been expended solely in giving 
elastic tension, or, according to Irvine, in 
supplying the vastly increased capacity of 
of the aeriform state; and therefore they 
nay be denominated latent heat, being in* 
sensible to the thermometer. I'he more ex- 
act experiments of Mr. Watt have shown, 
that whatever period be assigned for the 
beating of a mass of water from 50® to 
212®, 6 times this period is requisite with 
a uniform heat for its total vaporization. 
But 6 X 162® == 972 = the latent heat of 
■team; a result which accords with my ex- 
periments made in a different way, as will 
be presently shown. Every attentive opera- 
tor must have observed the greater explo- 
sive violence and apparent difficulty of the 
ebullition of water exposed to a similar 
heat in glass, than in metallic vessels. M. 
Gay-Lussac has studied this subject with 
his characteristic sagacity. He discovered 
that water boiling in a glass vessel has a 
temperature of 214.2®, and in a tin vessel 
contiguous to it, of only 212®. A few par- 
ades of pounded glass thrown into the 
former vessel, reduces the thermometer 
plunged in it to 212.6, and iron filings to 
212. When the flame is withdrawn for a 
few seconds from under a glass vessel of 
boiling water, the ebullition wilf recom- 
mence on throwing in a pinch of iron filings. 
Professors Munche and Gmelin of Hei- 
delberg have extended these researches, 
and given the curious results as to the boil- 
ing points, expressed in the following table: 
Tfc^ l>o. i inch 
Subttance a/ the ,f,,"ZL ^«'«» «"•• 
vcBseli. touching 



Silver, 

Platina, 

Copper, 

Tinned iron. 

Marble, 

Lead, 

Tin, 

Porcelain, 

White glass, 

Green glass. 



•water. 

211775® 21L 55® 

211.775 210.875 

212.900 212225 

213. 24 211. ^ 

212. 10 211. 66 

212. 45 211.775 

212. 7 211.775 

212. 1 211.900 

212. 7 212. 00 

213. 8 213. 35 



Ditto, 312. 7* 212. 00® 

Delft vaie^ 213. 8 212. 7 

Common earthen vare 213. 8 312. 4,$ 

It is difficult to reconcile these varia- 
tions to the results of M. Gay-Lussac. **^Th€ 
vapour formed at the surface of a liquid,"* 
he remarks, " may be in equiUbm with the 
atmospheric pressure; while Uie interior 
portion may acauire a greater dej^ree of 
heat than that oi the real boiling pomt, pro- 
vided the fluid be enclosed in a tessel, and 
heated at the bottom. In this case, the ad> 
besion of the fluid to the vessel may be 
considered as analogous in its action to vis- 
cidity, in raising the temperature of ebul- 
lition. On this principle we explain the sud- 
den starts which sometimes take place in 
the boiling of fluids. This frequently oc- 
curs to a great degree in distilling sulphu- 
ric acid, by which the vessels are not un* 
frequently broken when they are of glass. 
This evil may be efiectually obviated by 
putting into the retort some small pieces 
of platina wire, when the sudden disen* 
gagement of gas will be prevented and cori- 
sequently the vessels not be liable to be bro- 
ken."— ^nna/^« de Cfumie, March 1818. See 
my. remarks on this subject under the Di^ 
TiLLATioN of Sulphuric Acid, extract- 
ed from the Journal of Science, October 
1817. If we throw a piece of paper, a crust 
of bread, or a powder, into a liquid slight- 
ly impregnated with carbonic acid, its evo- 
lution will be determined. See some cu- 
rious observations by M. Thenard under 
ou:r articles Oxtoenixeo Nitrxc Acid, 
or OxYGBNiZED Watbr. Iu s similar 
manner, the asperities of the surface of a 
glass or other vessel, act like points in elec- 
tricity, in throwing off* gjas or vapour pre- 
sent in the liquid which it contains. 

In all the examples of the preceding ts- 
ble, the temperature is greater at the bot- 
tom than near the surface of the liquid; and 
the specific dififerences must be ascribed 
to the attractive force of the vessel to wa- 
ter, and its conduction of heat We must 
thus try to explain why tinned iron g^ves 
a temperature to boiling water in contact 
with it, 1.67 degi'ees higher than silver and 
platina. Between water, and iron, tin, or 
le^d, there are reciprocal relations at ele- 
vated temperatures, which do not appa- 
rently exist with regard to silver and pU« 
tina. 

The following is a tabular view of the 
boiling points by Fahrenheit's scale of the ' 
most important liquids, under a mean baro- 
metrical pressure of thirty inches:— > 

M^iimg' points. 
Ether, sp. gr. 0. 7365 at 48®. G. Lussac, 100® 
Carburet of sulphur, - do. 113 
Alcohol, sp. gr. 0.813 Ure, 1735 

Kitricacid, 1.500 DalUm, 210 

Water, - - - - 212 

Saturated SoL d Glaub. salt Biot, 213» 
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Btdling points. 

Gfftturated sol. of sugar of lead, Biot, 2l5}^ 

Do. do. sea salt, do. S24^ 

Muriate of lime 2 + water 1 Ure, 230 

Do. 35.5 -f do. 64.5 do. 235 

Do. . 40.5 4- do. 59.5 do. 240 

Muriatic acids 1.094 Dalton, 233 

Do. 1.127 do. 222 

Do. 1.047 do. 222 

Nitric acid, 1.45 do. 240 

Do: 1.43 do. 248 

Do. 1.40 do. 247 

Do. 1.35 do. 242 

Do. 1.30 do. 236 

Do. 1.16 do. 220 

RectiiSed petroleum, • Ure, 306 

Oil of turpentine, ■ - do. 316 

Sulp. acid sp. gr. 1.30 + Dalton, 240 

Do. 1.408 do. 260 

Do. 1.520 do. 290 

Do. 1.650 do. 350 

Do. 1.670 do. 360 

Do. . 1.699 do. 374 

Do. 1.730 do. 391 

Do. 1.780 do. 435 

Do, 1.810 do. 473 

Do. 1.819 do. 487 

Do. 1.827 do. 501 

Do. 1.833 do. 515 

Do. 1.842 do. 545 

Do. 1.847 do. 575 

Do. 1.848 do. 590 

Do. 1.849 do. 605 

Do. 1.850 do. 620 

Do. 1.848 Ure, 600 

Fhosphotus, .... 554 

Sulphur, . . - . . 570 

Linseed oil, .... 640? 

Mercury, (Dulong, 662*), 656 

These liquids emit vapours, which, at 
Uteir respective boiling points, balance a 
pressure of the atmosphere, equivalent to 
thirty vertical inches of mercury. But at 
inferior temperatures they yield vapours 
of inferior elastic power. It is thus that the 
▼lipour of quicksilver rises into the va- 
cuum of the barometer tube; as is seen par» 
ticularly in warm climates, by the mercu* 
rial dew on the glass at its summit. Hence 
aqueous moistures adhering to the mercu» 
ly, causes it to fall below the true barome- 
ter level, by a quantity proportional to the 
temperature. The determination of the elas- 
tic force of vapours, in contact with their 
tespective liquids^ at different tempera- 
tures^ has been the subject of many ex- 
periments. The method of measuring tiieir 
elasticities, described in my papev on 
Hbat, seems convenient, and susceptible 
of precision. 

A glass tube about one-third of an inch 
internal diameter, and 6 feet long, is seal- 
ed at one end, and bent with a round cur- 
vature in. the middle, into the form of a 
typhoDy with its two legs parallel, and 



about 2i inches asunder. A rectangular 
piece of cork is adapted to the interval be- 
tween the legs, and fixed firmly by twine, 
about 6 inches from the ends of the sy- 
phon. Dry mercury is now introduced, so 
as to fill the sealed leg, and the bottom of 
the curvature. On suspending this syphon 
barometer in a vertical direction, by the 
cork, the level of the mercury will take a 
position in each of the legs, corresponding 
to the pressure of the atmosphere. The dif- 
ference is of course the true height of the 
barometer at the time, which may be mea- 
sured by the application of a separate scale 
of inches and tenths. Fix rings of fine pla- 
tinum wire round the tube at the two levels 
of the mercury. Introduce now into the 
tube a few drops of distilled water, recent- 
ly boiled, and pass them up through the 
mercury. The vapour rising from the wa- 
ter will depress the level of the mercury 
in the sealed leg, and raise it in the open 
leg, by a quantity equal! n each to one-half of 
the real depression. To measure distinctly 
this difference of level with minute accu- 
racy, would be difficult; but the total de- 
pression, which is the quantity sought, may 
be readily found, by pouring mercury in » 
slender stream into the open leg, till the 
surface of the mercury in the sealed leg 
becomes once more a tangent to the pla- 
tina ring, which is shewn by a delicat^ 
film of light, as in the mountain barome- 
ter. The vertical column of mercury above 
the lower initial level being measured, it 
represents precisely the elastic force of the 
vapour, since that altitude of mercury was 
required to overcome the elasticity of the 
vapour. The whole object now is to applj 
a regelated heat to the upper portion of 
the sealed leg, from an inch below the 
mercurial level, to its summit This is easi- 
ly accomplished, by passing it through a 
perforated cork into an inverted phial, 5 
inches diameter and 7 long, whose bottom 
lias been previously cracked off by a hot 
iron. Or a phial may be made on purpose. 
When the tapering elastic cork is now 
strongly pressed into the mouth of the bot- 
tle, it renders it perfectly water-tight. By 
inclining the syphon, we remove a little of 
the mercury, so that when reverted, the 
level in the lower leg may nearly coincide 
with the ring. Having then suspended it ill 
the vertical position from a high frame, or 
the roof of an apartment, we introduce w*- 
ter at 32** into the cylindrical glass vessel. 
When its central tube, against the side of 
which the bulb of a delicate thermometer 
rests, acquires the temperature of the sur- 
rounding medium, mercury is slowly add- 
ed to the open leg, till the primitive level 
is restored at the upper platina ringj. The 
column of mercury above the ring in the 
open leg, is equivalent to the force of 
aqueous vapour at 32^. The effect of lower 
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lempentatet may be examined, by letting 

•aline freezin^^ mixtures in the cylinder. 
To pffipure roeaaures of elastic force at 
higher temperatures, two feeble Argand 
flames are made to send up heated air, on 
the opposite shoulders of the cylinder. By 
adjusting the flames, and agitating the h- 
quidy very uniform temperatures may be 
Ifiven to the tube in the axis. At every 5* 
or 10*of elevation, we make a measurement 
by pouring mercury into the open leg, till 
the primitive level is restored in the other. 
For temperatures above 212*, I employ 
the same plan of apparatus, slightly modi- 
fied. The sealed leg of the syphon has a 
length of 6 or 7 inches, while the open leg 
is 10 or 12 feet long, secured in the groove 
of a gfraduated wooden prism. The initial 
level becomes 212* when the mercury in 
each leg is in a horizontal plane, and the 
beat is now communicated through the me- 
dium of oil. if the bending of the tube, be 
made to an angle of about 36^ from paral- 
lelism of the legs, a tubulated globular re- 
ceiver becomes a convenient vessel for 
holding the oil. The tapering cork through 
which the sealed end of the syphon is pas- 
ted, being thrust into the tapering mouth 
of the receiver, remains perfecSy tight 
ftt all higher temperatures, being progres- 
sively swelled with the heat. One who has 
not made such trials, may be disposed to 
cavil at the orobable tightness of such a 
contrivance, but I who have used it in ex- 
periments for many months together, know 
that only extreme awkwardness in the 
operator, can occasion the dropping out of 
oil heated up to even 320® of Fahrenheit. 
The tubulure of the receiver admits the 
.^ermometer. The Tables of Vapour, in the 
Appendix, exhibit the results of some care- 
fully conducted experiments. 

In my attempts to find some ratio which 
VOttld connect the above elasticities of 
aqueous vapour with the temperatures, the 
following rule occurred to me: 

•« The elastic force at 212* = 30 being 
divided by 1.23, will give the force for 10* 
below; this quotient divided by 1.24, will 
give that 10** lower, and so on progressive- 
ly. To obtain the forces above 312®, we 
have merely to multiply 30 by the ratio 
1.23 for the force at 222®; this product by 
1.22 for that at 232*, this Ust product by 
.1.21 for the force at 242®, and thus for 
each successive interval of 10® above the 
boiling point." The following modification 
of the same rule gives more accurate re- 
sults. *' Let r r= the mean ratio between 
tliat of 210® and the given temperature; 
n = the number of terms (each of 10®) 
distant from 210®; F= the elastic force of 
9leam in inches of mercury, llien Log. of 
F = Log. 28.9 '±_ n Log. r; the positive 
•ign beug used above, the negative below 



910V I have investigated also simple ra- 
tios, which express the connexion between 
the temperature and elasticity of the va- 
pours of alcohol, ether, petroleum, and oil 
of turpentine, ^r which 1 must refer to 
the paper itself. 

Mr. W. Creighton of Soho commuiucated 
in March 1819, to the Philosophical Maga- 
zine, the following ingenious formula for 
aqueous vapour. •* Let the degrees of Fah- 
renheit + 85 = D, and the corresponding 
force of steam in inches of merfcury — 
0.09 = L Then Log. D — 2.22679X6 = 
Log.L 

Example. 

212* + 85= 297Log.= 2.47276 

2.22679 constant. 

number. 

0.24579 
X 6 

Log. 1.47582= 2991 =rl 
+0.09 • 



Inches 30.00 D 

He then gives a satisfactoiy tabular view 
of the near correspondences between the 
results of his formula, and my experi- 
ments. 

By determining experimentally the vo- 
lume of vapour which a given volume of 
liquid c^h produce at 212®, M. Gay-Lussac 
has happily aolved the very difiScult prob- 
lem of the specific gravity of vapours. He 
took a spherule of thin glass, with a short 
capillary stem, and of a known weight He 
filled it with the pieculiar liquict, hermeti- 
cally sealed the orifice, and weighed it. 
Deducting from its whole weight the known 
weight of the spherule,he knew the' weight, 
and frdm its sp. gravity the bulk of the fi- 
quid. He filled a tall graduated glass re- 
ceiver, capable of holding about three pints, 
with mercury, inverted it in a basin, and let 
up the spherule. The receiver was now 
surrounded by a bottomless cylinder, which 
rested st its lower edge in the mercury of 
the basin. The interval between the two cy- 
linders was filled with water. Heat was 
applied by means of a convenient bath, till 
the water and the included mercury as- 
sumed the temperature of 212®. The ex- 
pansible liquid had ere this burst the sphe- 
rule, expanded into vapour, and depressed 
the mercury. The height of the quicksilver 
column in the graduated cylinder above the 
level of the basin, being observed, it was 
easy to calculate the volume of the incum- 
bent vapour. The quantity of liquid used 
was always so small, that the whole of it 
was converted into vapodr. 

The following exlubita the specific gravi- 
ties as determined by the above metlKKl: 
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Spec, Grqp. ^JHr = 1^ 


M9ilx»ff pmnt.Takt, 


Yapoup of water, - 0.62349 


212*» 


. Hydroprussic acid, 0.94760 


79.7 


Absolute alcohol, 1.6050 


173 


Sulphuric ether, 2.5860 
Hydriodic ether, 5.4749 


96 


148 


Oil of turpentine, 5.0130 


316 


Carburet of sulphur, 2.6^147 


116 


Muriatic ether, 2.2190 Thenard, 


52 . 



The above specific gravities are estima- 
ted under a barometric pi*essure of 29.92 
iuches. . 

M. Gay-Lussac has remarked, that when 
a liquid combination of alcohol and water, 
or alcohol and ether, is converted into va- 
pour at 212** Fahr. or 100 cent., the volume 
is e:sactly the sum of what their separate 
volumes would have produced; so that the 
condensation by chemical action in the li- 
quid state, ceases to operate in the gaseous. 
An equal volume of carburet of sulphur and 
absolute alcohol, at their respective boiling 
points of 173* and 126^, is said to yield 
each an equal quantity of va))our of the 
sajne density. A more explicit statement 
has been promised, and is perhaps rctquired 
on this curious subject. 

It^ appears, that a volume pf water at 40° 
forms 1694 volumes of steam at 212°. The 
subsequent mcrease of the volume of steam, 
and of other vapours, out of the contact of 
their respective liquids, we formerly stated 
to be in the ratio of the expansion of ga^es, 
forming an addition to their volume of 
S-8th8 for every 180'' Fahrenheit. We can 
now infer, both from this expansion of one 
measure into 1694, and from the table of 
the elastic forces of steam, the explosive 
violence .of this agent at still higher tempe- 
ratures, and the danger to be apprehended 
from the introduction of water into the close 
moulds, in which melted metal is to be 
poured. Hence, also, the formidable acci- 
dents which have happened, from a little 
water falling into heated oils. The little 

flass spherules, called candle bombs, ex* 
ibit the force of steam in a very striking 
manner; but the risk of particles of glass 
being driven into the eye, should cause 
their employment to be confined to prudent 
experimenters. Mr. Watt estimated the 
volumes of steam resulting from a volume 
of water at 1800; and in round numbers at 
1728; a number differing little from the 
above determination of M. Gay-Lussac. 
Desagulier's estimate of 14000 was there- 
fore extravagant. 

It has be^n already mentioned, that the 
caloric of fluidity in steam surpasses that 
of an equal weight of boiling water by 
about 972**. This quantity, or the latent 
heat of steam, as it is called, is most con- 
▼eniently determined, by transmitting a 
certain weight of it into a given weight of 
water* at a known temperature, and from 



the observed elevation of temperature in 
the liquid, deducing the heat evolved du- 
ring, condensation. Dr. Black, Mr. Watt, 
Lavoisier, Count Rumford, Clement, and 
Desorroes, as well as myself, have publish- 
ed observations on the subject. " In this 
research I. employed a very simple appara- 
tus; and with proj)er management, 1 be- 
lieve, it is capable of giving the absolute 
quantities of latent heat in different va- 
pours, as exactly as more refined and com- 
plicated inechanisms. At any rate, it will 
afford comparative results with great pre- 
cision. It consisted of a glass retort of very 
small dimensions with a short neck, insert- 
ed into a globular receiver of very thin 
glass, and about three inches in diameter. 
The globe was surrounded with a certain 
quantity of water at a known temperature, 
containc4 in a glass basin. 200 grains of 
the liquid, whose vapour was to be exam- 
ined, were introduced into the retort, and 
rapidly distilled into the globe by the heat 
of an Argand lamp. The temperance of the 
air was 45**, that of the water in the basin 
from 42° to 43**, and the rise of tempera- 
ture, occasioned by the condensation of the 
vapour, never exceeded that of the atmos- 
phere by four degrees. By these means, as 
the communication of heat is very slow be- 
tween bodies which differ little in tempe- 
rature, I found that the air could exercise 
no perceptible influence on the water in the 
basin during the experiment, which was 
always completed in five or six minutes. A 
thermometer of great delicacy was continu- 
ally moved through the water; and its indi- 
cations were read off, by the aid of a lens, 
to small fracti(»ns of a degree. 

" In all the early experiments of Df, 
Black on the latent heat of common steam, 
the neglect of the above precautions intro- 
duced material errors into the estimate. 
Hence, th at distinguished ph ilosopher found 
the latent heat of steam to be no more than 
800« or 810». Mr. Watt afterwards deter- 
mined it more nearly from 900 to 970«; La- 
voisier and Laplace have made it 1000^^ 
and Count Rumford 1040<'. 

'* From the smallness of the retort in my 
mode of proceeding, the shortness of the 
neck, and its thorough insertion into the 
globe, we prevent condensation by the air 
in tranaitus while the surface of the globe, 
and the mass of water being great, reiatiis^ 
to the quantity of vapour empioyed* the 
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keftt is entirely transferred to the refrige- 
ratory* where it is allowed to remain with- 
out ap]iarent diminution for a few minutes. 
*' In numerous repetitions of the same 
experiment the accordances were excellent 
The following table contains the mean re- 
sults. The water in the basin weighed in 
each case 32340 grs., and ^00 grs. of each 
liquid was distilled over. I'he globe was 
held steadily in the centre of the globe by 
t slender ring fixed round the neck." For 
Che arithmetical reductions I must refer to 
the paper itself. Dr. Thomson, in his com- 
ments on this part of my researches, ob- 
serves, " It is obvious, that the latent heats 
determined in this way must be considera- 
bly below the truth. The method contrived 
by Count Ruraford seems to me a good deal 
better. He cooled the water surrounding 
the globe 4° below the temperature of the 
room, and continued the distillation till the 
temperature of the water was exactly 4? 
above that of the room.'* Surely Dr. Thorar 



son cannot have read the paper with, fttteit^ 
tion, or he would have perceived the fol- 
lowing sentence: "I found that th^ air 
could exercise no perceptible influence on 
the water in the basin during the experi- 
ment, which was always completed in fivo 
or six minutes." In fact, 1 kfl the |^ass 
basin of water repeatedly at a temperature 
of 4° above that of the room for douhle 
the duration of the experiment, and found 
scarcely a perceptible change in the ther* 
moroeter immersed in it. This source of 
fallacy was sufficiently guarded against. 
But I have found since, that a compensa- 
tion was due for the glass basin itself| 
which I omitted by accident to introduce 
into the arithmetical reductions. This would 
have raised the latent heat of water to very 
nearly 1000, and that of the other vapours 
in a proportional degree. I now give the 
original table, along with a corrected co- 
lumn: 



Table of Latent Heat of Vapourt, 



E^ = 440 



Vapour of water, at its boiling point. 
Alcohol, sp. gr. 825, 
Ether, boiling point 112**, 
Petroleum, . . - : 

Oil of turpentine, - - - . 

Nitric acid, sp. gr. 1.494, boiling point 165**, 
Liquid ammonia, sp. gr. 0.97Qi 
Vinegar, sp. gr. 1.007, - - - 

*' Aqueous vapour of an elastic force ba- 
lancing the atmospheric pressure, has a 
specific gravity compared to air, by the ac- 
curate experiments of M. Gay-Lussac, of 10 
tq 16. For facility of comparison, let us call 
the steam of water unity, or 1.00; then the 
specific gravity of the vapour of pure ether 
is 4.00, while the specific gravity of the va-* 
pour of absolute alcohol is 2.60. But the 
vapour of ether, whose boiling point is not 
100®, but 112®, like the above ether, con- 
tains some alcohol; hence we must accord- 
ingly diminish a little the specific gravity 
number of its vapour. It will then bNecome, 
instead of 4.00, 3.53. Alcohol of 0.825 sp. gr. 
contains much water; sp. gr. of its vapour 
2.30. That of water, as before unity, 1.00; 
The interstitial spaces in these vapours will 
therefore be inversely as these numbers, or 
yyy for ether, -j^ for alcohol, -j^ for wa^ 
ter. Hence, -j-Jx of latent heat, existing in 
ethereal vapour, will occupy a proportional 
•pace, be equally condensed, or possess the 
same tension with 777 in alcoholic, and 
jiff in aqueous vapour. A small modifi- 
cation will no doubt be introduced by the 
difference of the thermometric tensions, of 
sensible heats, under the same elastic force. 
Common steam, for example, may be con- 
sidered as deriving its total elastic energy 
<rom the latent heat mifltiplied into the 



Corrected column* 
1000? 
457 

312.9 . 
183.8 
183.8 
550. 
865.9 
903 



967^ 

442 

502.4 

177.8 

177.8 

552. 

837.3 

875.0 

specific gravity + the thermometric ten* 
sion. 

" Hence, the elastic force of water, ether» 
and alcohol, are as follows: — 

^^ = 970 X 1.00 + SU* = 1182 

302 X 3.55 + li2« = II84 

X 23.0 -f 175» s=: 1185 

Three equations, which yield, according 
to my general proposition, equal quanti- 
ties. When the elastic forces of vapours 
are doubled, or when they sustain a double 
pressure, their interstices are proportion- 
ably diminished. We may consider them, 
now, as in the condition of vapours pos- 
sessed of ffreater specific gravities. Hence* 
the second portion of heat introduced to 
give double the elastic force need not be 
equal to the first, in order to produce the 
double tension. 

"This view accords with the experi- 
ments of Mr. Watt, alluded to in the be- 
ginning of the memoir. He found, that the 
latent heat of steam is less when it is pro- 
duced under a greater pressure, or in a 
more dense state; and g^reater when it is 
produced under a less pressure, or in a less 
dense state. Berthollet thinks this fact so 
unaccounuble,that he has been willing to 
discard it altogether. Whether the view I 
have just open^ of the relation subMsting 
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between 4be Mastic iorce, density, and latent 
heat of different vapours, harmonize with 
chemical phenomena in g^eneral, I leave 
others to determine. It certainly agrees 
with that vnaceountable fact Whatever be 
the ftte of the general law, now respect- 
fully offered, the statement of Mr. Watt 
nay be implicitly received, under the sanc- 
ti<m of his acknowledged sagacity and can- 
dor.** Ur^t Mesearthet on Heat^ pp. 54 and 
55. 

As it is the vastly greater relation to heat, 
which steam possesses above water, that 
makes ^e boiling point of that liquid so 
perfectly stationary in open vessels, over 
tlie strongest fires, we may imagine that 
other vapours which have a smaller latent 
beat, may not be capable, by their forma- 
tion, of keeping the ebullition of their re- 
spiective liquids at a uniform temperature. 
I observed this variation of the boiling 
point actually to happen with oil of turpen- 
tine, petroleum and sulphuric acid. When 
these liquids are heated briskly in apothe- 
caries' phials, they rise 20 or 30 degrees 
above the ordinary point, at which they 
boil in hemispherical capsules. Hence, 
also, their vapours being generated with 
little heat, are apt to rise with explosive 
violence. Oil of turpentine varies more- 
over, in its boiling point, according to its 
freshness and limpidity. It is needless, 
therefore, to raise an argument on a couple 
of degrees of difference. But, in Dr. Mur- 
ray's, and all our other chemical systems, 
pubiislied prior to 1817, 560® wa^ assigned 
as the boiling point of this volatile oil. Mr. 
Dalton's must be excepted, for he says, 
" several authors have it, that oil of tur- 
pentine boils at 560**. I do not know how 
the mistake originated, but it boils below 
2X2^ like the rest of the essential oils." 
Dr. Thomson makes it 314**; a number 
which, frpm the great price lie paid for his 
therinometer, he insinuates to be more ex- 
act than mine of 316**; and a fortiori than 
320**, as found by the manufacturer of the 
oil, to whom I had referred But the dif- 
ference of pur two numbers is in reality 
frivolous, and to be ascribed to the state of 
the oil and of the heat, as much as to er- 
rors of the instruments or of observation. 
It is probable that our thermometers were 
equally coiTect, and used with equal care. 
But what will Dr. Thomson say of Mr. Dal- 
ton's emendation? 

From the above quotation it may be in- 
ferred, that the conversion at all tempera-* 
tures, however low, of any liquid or solid 
whatever, in(o a vapour, is uniformly ac- 
companied with the abstraction of heat 
from surrounding bodies, or in popular lan- 
gi^age, the production of cold; and that the 
degree of refrigeration will be proportional 
to the capacity of the vapour for heat, and 
the rapidity of its formation. The applica* 



tion of this principle to the uses of life, firs^ 
suggested by Drs. Cullen and Black, has 
been improved and extended by Mr. Leslie. 
We shall describe his methods under Coir« 

GELA'flON. 

It appears, moreover, probable, that the 
permanent gases have the same superior 
relation to heat with the vapours. Hence^ 
their transition to the liquid or solid states 
ought to be attended with the evolution o( 
heat. Accordingly, in the combustion of 
hydrogen, phosphorus, and metals, gaseouA 
matter is copiously fixed; to which caus^ 
Black and Lavoisier ascribed the whole of 
the heat and light evolved. We shall see» 
however, in the article Combustion, many 
difficulties to the adoption of this plausible 
hypothesis. The best illustration of the 
common notion as to the latent heat of 
gases, is afforded by the condensed air tin- 
der-tube; in which mechanical compression 
appears to extrude from cold lur its latent 
stores of both heat and light. A glass tube« 
eight inches long^ and half inch wide, of 
uniform calibre, shut at one end, and fitted 
with a short piston, is best adapted for 
the exhibition of this pleasing experiment. 
When the object, however, is merely to 
kindle agaric-tinder, a brass tube 3-8ths 
wide and 4^ inches long will suffice. A 
dexterous condensation of air into l-5th of 
the volume, produces the heat of ignition. 

Under the head of specific heat, it has 
been shown to diminish in a gas, more ra* 
pidly than the diminution of its volumes 
and therefore, heat will be disengaged by 
its condensation, whether we regard the 
phenomenon as the expulsion of a fluid, or 
intense actions excited among the particles 
by their violent approximation. The con-^ 
verse of the above phenomenon is exhibited 
on a great scale, in the Schemnitz mines of 
Hungary. The hydraulic machine for drain- 
ing them, consists essentially of two stronf^ 
air-tight copper cylindei's, 96 feet verti- 
cally distant irom each other, and connec- 
ted by a p^e. The uppermost, which is 
at the mouth of the pit, can be charged with 
water by the pressure of a reservoir, ele- 
vated 136 feet above it. The air suddenly 
dislodged by this vast hydrostatic pressure, 
is condensed through the pipe, on the sur- 
face of the water standing in the lower cylin- 
der, which it forces up a rising water-pipe 
to the surface, and then takes its place. 
When the stop-cocks are turned to re- 
charge the lower cylinder with water, the 
imprisoned air expanding to its natural 
volume, absorbs the heat so powerfully, as 
to con\xrt the drops of water that issue 
with it, into hail and Anow. "M. Gay-Lus.^ 
sac has lately proposed a miniature imita- 
tion of this machine for artificial refrigera- 
tion. He exposes the small body to be 
cooled, to a stream . of air escaping by a 
small orifice^ from a box in which it lud 
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been ttronglj condensed. In the autuinn of 
1816, 1 pextbrmed an analogous experiment 
in the house of M. Breguet, in Paris. This 
celebrated artist having presented roe with 
one of his elegant metallic thermometers, 
I immediately proposed to determine by 
means of it, the heat first abstracted, and 
subsequently disengaged, in the exhaustion 
of air, and its readmission into the receiver 
of an air-pump. MM. Breguet politely fa- 
voured me with their assistance, and the 
uae of their excellent air-pump. Having 
enclosed in the receiver their thermometer, 
and a delicate one by Crighton, which 1 
happened to have with me, we found, on 
rapidly exhausting the receiver, that M. 
Breguet's thermometer indicated a refrige- 
ration of 50* F. while Crighti>n*8 sunk only 
7*. After the two had arrived at the same 
temperature, the air was rapidly admitted 
into t!»e receiver. M. Breguet's thermome- 
ter now ruse 50*, while Crighton's mounted 
7* as before. See Thermometer. 

Dr. Darwin has ingeniously explained the 
production of snow on the tops of the high- 
est mountains, by the precipitation of va- 
pour from the rarefied air which ascends 
from plains and valleys. " The Artdes," 
aays Sir H. Davy, •« placed almost under 
the line, rise in the midst of burning sandS; 
about the middle height is a pleasant and 
mild climate; the summits are covered with 
unchanging snows; and these ranges of 
temperature are always distinct; the hot 
winds from below, if they ascend, become 
cooled in consequence of expansion and the 
cold air; if by any force of the blast it is 
driven downwards, it is condensed, and 
rendered wai*mer as it descends." 
* Evaporation and rarefaction, the gfrand 
means employed by nature to temper the 
excessive heats of the torrid zone, operate 
Very powerfully among mountains and seas. 
But the level sands are devoured by un- 
mitigated heat. In milder climates, the fer- 
vours of the solstitial sun are assuaged by 
the vapours copiously raised from every 
river and field, while the wintry cold is 
'moderated by the condensation of atmos- 
pheric vapours in the form of snow. 

The equilibrium of animal temperature 
Ss maintamed, by the copious discharge of 
Vapour from t\\e lungs and the skin. The 
suppression of this exhalation is a common 
cause of many formidable diseases. Among 
these, fever takes the lead. The ardour of 
the body in this case of suppressed pers- 
piration, sometimes exceeds the standard 
of health by six or seven degrees. The di- 
rect and natural means of allaying this 
morbid temperaturt, were first systemati- 
cally enjoined by Dr. Currie of Liverpool. 
He showed, that the dashing or afiusion of 
cold water on the skin of a fever patient, 
has most sanatory effects, when the heat is 
'eadily above 93% and when thei*e is no 



sensation of chilliness, and no moisture on 
tlie surface. Topical refrigeration is ele- 
gantly procured, by applying a piece uf 
mushn or tissue paper to any pai*t of the 
skin, and moistening it with ether, carbu- 
ret of sulphur, or alcohol. By pouring a 
succession of drops of ether, on the sur- 
face of a thin glass tube containing water, 
a cylinder of ice may be formed at mid- 
summer. The most convenient plan which 
the chemist can employ, to free a gas from 
vapour, is to pass it slowly through a long 
tortuous tube wrapt in porous paper wet- 
ted with ether. 

On the other hand, when he wishes to 
expose his vessels to a regulated heat, he 
makes hot vapour be condensed on their 
cold surface. The heat thus disengaged 
from the vapour, passes into the vessel, and 
speedily raises it to a temperature which 
he can adjust with the nicest precision. A 
vapour bath ought therefore to be provided 
for every laboratory. That which I got con- 
structed a few years ago for the Institution, 
is so simple and efficacious as to merit a 
description. — A square tin box, about 18 
inches long, 12 broad, and 6 deep, has its 
bottom hollowed a little by the hammer to- 
wards its centre, in which a round hole is 
cut of five or six inches diameter. Into this, 
a tin tube three or four inches long is sol- 
dered. This tube is made to fit tightly into 
the mouth of a common tea-kettle, which 
has a folding handle. The top of the box 
has a number of circular holes cut into it, 
of different diameters, into which evaporat- 
ing capsules of platina, glass, or porcelain, 
are placed. When the kettle, filled with wa- 
ter, and with its nozzle corked, is set on a 
stove, the vapour, playing on the bottoms 
of the capsules, heats them to any required 
temperature; and being itself continually 
condensed, it runs back into tlie kettle, to 
be raised again, in ceaseless cohobation. 
With a shade above, to screen the vapour 
chest from soot, the kettle may be placed 
over a common fire. The orifices not in use, 
are closed with tin lids. In drying precipi- 
tates, I cork up the tube of the glass funnel, 
and place it, with its filter, directly into the 
proper sized opening. For drying red cab- 
bage, violet petals, &c. a tin tray is provid- 
ed, which fits close on the top of the box, 
within the rim which goes abotit it. The 
round orifices are left open when this tray 
is applied. Such a form of apparatus is well 
adapted to inspissate the pasty mass, from 
which lozenges and troches are to be made. 

But the most splendid trophy erected to 
the science of caloric, is the steam-engine 
of Watt. This .illustrious philosopher, from 
a mistake of bis friend Dr. Robison, has 
been hitherto defrauded of a part of his 
claims to the admiration and' gratitude of 
mankind. The fundamental researches on 
the coDstitutitm of steam, which ionned the 
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solid bftsrsof his gig^antic tfupentnicture, 
though tli«y cohicided perfectly with Dr. 
Black's results, were not drawn from them. 
In some conversations with which this grent 
ornament and benefactor of his country ho- 
noured me a short period before his death, 
he described, with delightful naiveti the 
simple, but decisive experiments, by which 
be discovered the latent heat of steam. His 
means and his leisure not then permitting 
an expensive and complex apparatus, he 
used apothecaries' phials. With these, he 
ascertained the two main facts, first, that a 
cubic inch of water would form about a cu- 
bic foot.of ordinary steam, or 1728 inches; 
arid that the condensation of that quantity 
of steam would heat six cubic inches of 
.water from the atmospheric temperature 
to the boiling' point Hence he saw that six 
time.s the di^erence of temperature, or ful- 
ly 900® of heat had been employed in giv- 
ing elasticity to steam; which must be all 
abstracted before a complete vacuum could 
be procured under the piston of the steam- 
engin'e. These practical determinations he 
afterwards found to agree pretty nearly 
with the observations of Dr. Black. Though 
Mr. Watt was then known to the Doctor, 
he was not on those terms of intimacy with 
him, which he afterwards came to be, nor 
was be a member of his class. 
- Mr. Watt's three capital improvements, 
.which seem to have nearly exhausted the 
resburcea of science and art, were the fol- 
lowing 1. The separate condensing chest, 
immersed in a body of cold water, and con- 
nected merely by a slender pipe with the 
great cylinder, in which the impelling pis- 
ton moved. On opening a valve oir stop-cock 
of communication, the elastic steam which 
had floated the ponderous piston, rushed 
into the distant chest with magical veloci- 
ty, leaving an almost perfect vacuum in the 
cylinder, into which the piston was forced 
by atmospheric pressure. What had appear- 
ed impossible to all previous engineers 
was thus accomplished. A vacuum was 
formed without cooling the cylinder itself. 
Thus it remained boiling hot, ready the 
next instant to receive and maintain the 
elastic steam. 2. His second grand improve^ 
raent consisted in closing the cylinder at 
top^ making the piston rod slide through a 
stuffing box in the lid^ and causing the 
steam to give the impulsive pressure in^ 
stead of Uie aCmosphere. Henceforth the 
waste of heat was greatly diminished. 3. 
The final improvement was the double im- 
pulse, whereby the power of his engines, 
which was bemre so g^at, was in a mo- 
ment more than doubled. The counter- 
weight required in the single stroke en- 
gine, to depress the pump-end of the work- 
ing beam, was now laid aside. He thus 
freed the macfame from a dead weight or 



drag of many hundred pounds, which had 
hung upon it from its birth, about seventy 
years before. 

The application of steam to heat apart- 
ments, is another valuable fruit of these 
studies. Safety, cleanliness, and comfort, 
thus combine in giving a genial warmth for 
every purpose of private accommodation, 
or public manufacture. It has been ascer- 
tained, that one cubic foot of boiler will heat 
about tioo thousand foet of space, in a cot- 
ton mill, whose average heat is from 70** to 
80«* Fahr. And if we allow 25 cubic feet of 
a boiler for a horse's power in a steam-en- 
gine supplied by it, such a boiler would be 
adequate to the warming of fifty thousand 
cubic feet of space. It has been also ascer- 
tained, that one square foot of surface of 
steam pipe, is adequate to the warming of 
two hunared cubic feet of space. This quan« 
tity is adapted to a well finished ordinary 
brick or stone building. The safety valve on 
the boiler should be loaded with 2^ pounds 
for an area of a square inch, as is the rule 
for Mr. Watt's engines. Cast iron pipes are 
preferable to all others, for the dinusion of 
heat. Freedom of expansion must be al- 
loM^d, which in cast iron may be taken at 
about a tenth of an inch for every ten feet 
in length. The pipes should be distribu- 
ted within a few inches of the fioor. 

Steam is now used extensively for dry- 
ing muslin and calicoes. Large cylinders 
are filled with it, which, diffusing in the 
^lartroent a temperature of IW or 130®, 
rapidly dry the suspended cloth. Occasion- 
ally the cloth is made to glide in a serpen- 
tine manner closely round a series of steam 
cylinders, arranged in parallel rows. It is 
thus safely and thoroughly dried in the 
course of a minute. Experience has shown, 
that bright dyed yarns like scarlet, dried 
in a common $t(me heat of 128^, have their 
colour 'darkened, and acquire a harsh feel; 
while similar hanks, laid on a Heam pipe 
heated up to 166^, retain the shade and 
lustre they possessed in the wetted state. 
The people who work in steam drying- 
rooms are healthy; those who were former- 
ly employed in the stove -heated apart- 
ments, became soon sickly and emaciated. 
These injurious efiects must be ascribed to 
the action of cast iron at a high tempera- 
ture on the atmosphere. 

The heating by steam of large quantities 
of water or other liquids, either for baths 
or manufactures, may be effected in two 
wgys; that is, the steam pipe may be plung- 
ed with an open end into the water cistern; 
or the steam may be disused around the 
liquid in the interval between the wooden 
vessel and an interior metallic case. The 
second mode is of universal applicability. 
Since a gallon of water in the form of 
Pleam will heat 6 gallons at 50^, up to th« 
S3 . 
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Mliag point, or 162*; 1 gallon of the for- 
mer will be adequate to heat 18 ^allona of 
the latter up to 100*, making a Uberal al- 
lowance for waate in tlie conducting pipe. 

Cooking of food for man and cattle is 
likewise another us^ul application of 
•team; "for," says Dr. Black, "it is the 
iriost effectual carrier of beat that can be 
conceived, and will deposite it only on such 
bodies as are colder than boiling water." 
Hence in a range of pots, whenever the 
first has reached the boiling point, but no 
•ooner, the steam will go onwards to the 
«econd, then to the third, and thus in suc- 
cession. Inspection of the last will there- 
fore satisfy us of tlie condition of the pre- 
ceding vessels. Distillation has been lately 
practised, by surrounding the still with a 
strong metallic case, and filling the inter- 
•tiee with steam heated up to 260** or 280®. 
But notwithstanding of safety valves, and 
every ordinary attention, dangerous explo- 
sions have happened. Distillation in vacuo, 
by the heat of external steam of ordinary 
strength, would be a safe and elegant pro- 
cess. The old, and probably very exact ex- 
periments of Mr. Watt on this subject, do 
not lead us, however, to expect any saving 
of fuel, merely by the vacuum distillation. 
** The unexpected result of these experi- 
ments is, that there is no advantage to be 
expected in the manufacture of ardent 
spirits by distillation in vacuo. For we find, 
that the latent heat of the steam is at least 
as much increased as the sensible heat is 
diminished." — Dr. Blach^t Lecturet, vol. i. 
p. 190. 

' By advantage is evidently meant saving 
of ftiel. But in preparing spirits, ethers, 
vinegars, and essential oils, there would 
undoubtedly be a great advantage relative 
to flavour. £very risk of empjfreufna is re- 
moved. 

Chambers filled with steam heated to 
about 125* Fahr. have been introduced 
^ith advantage into medicine, under the 
name of vapour baths. Di*y air has also 
t»een used. It can be tolerated at a much 
greater heat than moist air; see Temps- 
KATUftE. A large cradle, containing saw- 
dust heated with steam, should be kept ia 
readiness at the houses erected by the Hu- 
mane Society, for the recovery of drowned 
persons; or a steam chamber might be at- 
tached to them for this purpose, as well as 
general medicinal uses. 

I have thus completed what I conceive to 
belong directly to caloric in a chemical dy> 
tionary. Under alcohol, attraction, blow-pipe, 
eUmate, comhwtion, congelation, digeoter, c/ss- 
tiUation, electricity, goo, light, pyrometer, 
thermometer, vater, some interesting corre- 
lative fads will be found. 

* Calorimeter. An instrument con- 
trived by Ldivoisier and Laplace, to mea- 
sure the beat given out by a body in oooUng, 



from the quantity of ice it melts. It consists 
of 3 vessels, one placed within the other, 
so as to leave 2 cavities between them; and 
a frame of iron network, to be suspended 
in the middle of the inner vessel. I'his 
network is to hold the heated body. The 
The two exterior concentric interstices are 
filled with bruised ice. The outermost 
serves to screen, from the atmosphere, the 
ice in the middle space, by the fusion of 
which the heat given out by the central hot 
body is measured. The water runs off 
through the bottom, and terminates in the 
shape of a funnel, with a stop-cock.* 

f Calorimotor. This is an appellation 
given by me to galvanic instruments, in 
which the calorific influence op effects are 
attended by scarcj^ly any electrical power; 
and especially to apparatus, employed by 
me, consisting of one or two galvanic pairs 
of enormous size. . 

Volta considered all galvanic apparatus 
as consisting of one or more electromo* 
tors, or movers of the electric fluid. To 
me, it appeared, that they were movers of 
both heat and electricity; the ratio of the 
quantity of the Utter put in motion, to tft . 
quantity of the former put in motion, b • 
ing as the number of the series to the 
superficies. Hence the word electromotor 
can'only be applicable, when the caloric be- 
comes evanescent, and electricity almost 
the sole product, as in De Luc's and 26am* 
boni's Columns: and the word caUrtmotor 
ought to be used, when electricity becomes 
evanescent, and caloric appears the sole 
product. 

The heat evolved by one galvanic pair 
has been found by the experiments whidi 
1 instituted, to increase in quantity, but to 
diminish in intensity, as the size of the sur« 
faces may be enlarged. A pair containing 
about fifty a(|uare feet of each metal, wiU 
not fuse platina, nor deflagrate iron, how* 
ever small may be the wii-e employed; for 
the heat produced in* metallic wires is not 
improved by a reduction in tlieir size be- 
yond a certiun point. Tet the metals above* 
mentioned are easily fused or deflagrated 
by smaller pairs, which would have no per- 
ceptible influence on masses that might be 
sensibly ignited by larger paijrs. These cha- 
racteristics were lully demonstrated, not 
only by my own apparatus, but- b^ those 
constructed by Messrs. Wethenll and 
Peale, and which were larger, but less ca- 
pable of exciting intense ignition. Mr. 
Peale*s apparatus contained nearly seventy 
8quai*e feet, Mr. Wetherill's neariy one 
hundred, in the form of concentric coils; 
yet neither could produce a heat tkore red- 
ness on the smallest wires.. At my: augges* 
tion, Mr. Feale separated the two sumces 
in his coils into four alternating, constitut- 
ing two galvanic p^irs in one recipient 
Iron wire wait then easily hamed SM pit- 
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tina fated by it. Theie £ict8, to^tber with 
the incapacity of the calorific flaid eztri- 
cated by the calorimotor to penneate char- 
coal, next to metals the beat electrical con- 
ductor^ must sanction the position I assign* 
ed to it, as beingf in the opposite extreme 
from the columns of De Luc and Zamboni. 
For as in these, the phenomena are-such as 
•re characteristic of pure electricity, so in 
one very large galvanic pair, they almost 
exclusively demonstrate tJie agency of pure 
caloric. 

A plate of a calorimotor will be found 
at the end of this work, with a description. 
When this instrument is lowered into a 
solution, containing about a seventieth of 
sulphuric acid, a wire, placed between the 
poles, becomes white hot, and takes fire, 
emitting the most brilliant sparks. In^ the 
interim, an explosion usually gives notice 
of the extrication of hydrogen in a quantity 
adequate to reach the burning wire. Imme- 
diately after the explosion, the hydrogen is 
reproduced with less intermixture of tijr^ 
and rekindles, cormscating from among 
the forty interstices, and passing from one 
side of the machine tp the other, in oppo- 
site directions and at various times, so that 
the combinatioiis are innumerable. The 
flame assumes various huesi from tlie so- 
lution of mere or less of the metals, and a 
froth, apparently on fire, rolls over the sides 
of the recipient When the calorimotor is 
withdrawn from the acid solution, the sur- 
face of this fluid for many seconds, pre- 
sents a sheet of fiery foam. 

I ascertuned that the galvanic fluid, as 
extricated by this apparatus, does not per- 
meate charcoal. This demonstrates that it 
cannot be electricity, as of the latter, char- 
coal is next to metals the best conductor. 

See Mlemtirs on a ^ew Theory of GaU 
laanum in SilUman** Journal^ ^nnal9 of Phi- 
losopAjft and PkUoBopfdcal Magazine.-^ 

* CATiP. An argillo-ferruginous lime- 
atone** 

* Cam ELKO N MxwBaAL. When- pure 
potash and black oxide of manganese are 
fused together in a crucible, a compound is 
formed whose solution in water, at first 
greeny passes spontaneously through the 
whole series of coloured rays to the red. 
From this latter tint, the solution may be 
made to retrograde in colour, to the origi- 
nal green, by the addition of potash; or it 
may be rendered altogetlier odourless, by 
adding either sulphurous acid or chlorine 
to the solution,, in which case there may or 
may not be a precipitate, according to cir- 
cumstances. MM. Chevillot and Edouard 
have latiely laead sotne interesting memoirs 
on tbis substance, before the Academy of 
Sciences. They found, that when potash 
atid the grten oxide of 'man|^nese were 
heated in cloife vessebi, containmg azote, no 
cameleon ivformed*. The -same result fol- 



lowed with the brown oxide, and ultimate 
ly with the black. They therefore ascribe 
the phenomena to the absorption of oxygeir, 
which is greatest when the oxide of man- 
ganese equals the poUsh in weight. They 
regard it as a raanganesiate of potash, 
though they have hitherto failed in their 
attempts to separate this supposed tetrox- 
ide, or manganesic acid. When acids are 
poured upon the green cameleon, or an al- 
kali upon the red, they are equally changed 
from one colour to the other; even boiling 
and agitation are sufficient to disengage 
the excess of potash in the green cameleon^ 
and to change it into red. Many acids also, 
when used in excess, decompose the came- 
leon entirely, by taking the potash from it, 
disengaging the oxygen, and precipitating 
the manganese in the state of black oxide. 
Sugar, gums, and several other substances, 
capable of taking away the oxygen, ^Iso de- 
compose the cameleon, and an exposure to 
the air likewise produces the same effect. 
Soda, barytes, and strontltes, also afford 
peculiar cameleons. The red potash ca- 
meleon is perfectly neutral. Phosphorus 
brought in contact with it produces a de* 
tonation; and it sets some other combusti- 
bles on fire. Exposed alone to heat, it is re- 
solved into oxygen, black oxide of manga- 
nese, and green cameleon, or submangane- 
siate of potash.* 
Campeachy Wood. See Loowood. 
Camp HO a. There ^are two kinds grow 
in the East, the one produced in the islands 
of Sumatra and Borneo, and the other pro^ 
duced in Japan and China. 

Camphor is extracted from the roots* 
wood, and leaves of two species of laurus^ 
the roots affording by far the greatest 
abundance. The method consists in distil, 
ling with water in larg« iron pots, serving 
as the body of a still, with earthen heads 
adapted, stuffed with straw, and provided 
with receivers. Most of the camphor be- 
comes condensed' in the solid form among 
the straw, and part comes over with the 
water. 

The sublimatlonof camphor is perform- 
ed in low flat-bottomed glass vessels placed 
in sand; and the camphor becomes con- 
crete in a pure state against the upper part, 
whence it is afterwards separated witli a 
knife, after breaking the glass. Lewis as« 
serts that no addition is i^equisite in the 
purification of camphor; but that the chief 
point consists in managing the fire, so that 
the u]>per part of the vessel may be hot 
enough to bake the sublimate together in- 
to a kind of cake. Chaptal says, the Hollan- 
ders mix an ounce of quicklime with every 
pound of camphor previous to the distilla- 
tion. 

Purified camphor is a white concrete 
crystalline substance, not brittle, but easily 
crumbled, having a peculiar consistence re* 
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tMBbfing thai of tpemacetiy Imt harder. It 
had a Btpong lively smeU, and an acrid taste; 
ii so volatile as totally to exhale when left 
exposed in a warm air; is light enough to 
swim on water; and is very inflammable, 
burning with a very white flame and smoke* 
without any residue. 

The roots of zedoary, thyme, rosemary, 
•age, the inula hellenium, the anemony, 
the pasque flower or pnlsatilla, and other 
Tegetablesy afTord camphor by distillation. 
It is observable, that all these plants aflTord 
a much larger quantity of camphor, when 
the sap has been suffered to pass to the 
concrete sUte by several months' drying. 
Thyme and peppermint, slowly dried, af- 
ford much camphor; and Mr. Achard has, 
observed, that a smell of camphor i8diseD«> 
gaged when volatile oil of fennel is treated 
with acids. 

Mr. Kind, a German chemist, endeavour- 
ing to incorporate muriatic acid gas with 
oil of turpentine, by putting this oil into the 
vessels in which the gas was received when 
extricated, found the oil change first yel- 
low, then brown, and lastly, to be idmost 
wholly coagulated into a crystalline mass, 
which comported itself in every Respect 
like camphor. Tromsdorfi'and Boullay con- 
firm tliis. A small quantity of camphor may 
be obtained from oil of turpentine by sim- 
ple distillation at a very gentle heat. Other 
essential oils, however, afford more. By 
evaporation in shallow vessels, at a heat 
not exceeding 57^ F. Mr. Proust obtained 
from oil of lavender J2o, of sage .21, of 
marjoram .1014, of rosemary .0625. He. 
conducted the operation on a pretty large 
scale. 

Camphor is not soluble in water in any 
perceptible degree, though it communi- 
cates its smell to that fluid, and may be 
burned as it floats on its surface. It is said, 
however, that a surgeon at Madrid has ef- 
fected its solution in water by means of the 
carbonic acid. 

Camphor may be powdered by moisten- 
ing it with alcohol, and triturating it tiU 
dry. It may be formed into an emulsion by 
previous grinding with near three times its 
weight of almonds, and afterwards gradu- 
ally adding the water. Yolk of egg and 
mucilages are also effectual for this pur- 
pose; but sugar does not answer well. 

It has been observed by Romieu, that 
small pieces of camphor floating on water 
have a rotatory motion. 

Alcohol, ethers, and oils, dissolve cam-, 
phor. 

The addition of water to the spirituous 
or acid solutions of camphor, instantly se- 
parates it. 

Mr. Hatchett has particularly examined 
the action of sulphuric acid on camphor. A 
hundred grains of camphor were digested 
hi an ounce of concentrated sulphuric acid 



lor two days. A gentle hett wta then ap- 
plied^ and the digesdon continued for two 
days longer. Six ounces of water were then 
added, Uid the whole distilled to dryness. 
Three grains of mi essential oil, having a 
mixed odour of lavender and peppermint, 
came over with the water. Tlie residuum 
being treated twice with two ounces of al- 
cohol each time, fifty-three grains of com- 
pact coal in small fragments remained un- 
dissolved. The alcohol, being evaporated in 
a water bath, yielded forty-nine grains of a 
blackish-brown substance which was bit- 
ter, astringent, had the smell of caromel, 
and formed a dark brown solution with wa- 
ter. This solution threw down very dark 
brown precipitates, with sulphate of iron, 
acetate of lead, muriate of tin, and nitrate 
of lime. It precipitated gold in the metal- 
lic state. Isinglass threw down the whole 
of what was dissolved in a nearly black 
precipitate. 

When nitric acid is distilled repeatedly 
in large quantities from camphor, it con- 
verts it into a peculiar acid. See Acid 
(Camphoric)* 

* Camphor melts at 288^, i^d boils at 
the temperature of 400^. By passing it in 
vapour through peroxide of copper^ Dr. 
Thomson converted it into earlx>nic acid 
and water. He operated upon a single 
grain. He infers its composition to he 

Carbon, 0.738 8} at'ms. = 6.375 73.91 
Hydrogen, 0.144 10 = 1.250 14.49 

Oxygen, 0.118 1 =1.000 11.60 
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8.625 100.00 



As an internal medicine, camphor has been 
frequently employed in doses of from 5 to 
20 grains, with much advantage; to pro- 
cure sleep in mania, and to oonnteract 
gangrene. Though a manifest stimulant, 
when externally applied,, it appears from 
the reports of Cullen and others, rather to 
diminish the animal temperature and the 
frequency of the pulse. In large doses it 
acts as a poison, an effect best counteract- 
ed by opium. It is administeFed to alleviate 
the irritating effects of cantbarides, meze- 
reon, the saline preparations of mercury 
and drastic purgatives. It lessens the nau- 
seating tendency of squill, aad prevents it 
from irritating the bladder. It is employed 
externally as a discutient* Dissolved in 
acetic acid, with some essential oils, it 
forms the aromatic vinegar, for whieh we 
are indebted to the elder Mr. Henry. It re- 
markably promotes the solution of copal. 
Its efiluvia are very noxiou$> to insects, on 
which account it is much used to defend 
subjects of natural history from their ra- 
vages. 

* Cancbb, Matter of. This morbid 
secretion was found, by Dr. Crawford to 
give a green colour to sirup ^fvioletSy and 
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treated with «alphttfic» add, to etnlt a ga» 
resembling tulphuretted hydrogen, wtuch 
he supposes- to have existed in combination 
with amm(9tear;in the ulcer. Hence the aCf 
tion of viryieilt pus on metallic salts. Ue 
likewise dbserved, that its odour was des- 
troyed^by aqueous chlorine, which he thea>e> 
fore recommeods for washing cancerous 
sores.* . 



"^ AND LBS. Cylinders of taltoir or .w«i^ 
containing- in their axis a spongy cord of 
cotton or hemp. A few years ago I made a 
set of experiments on the relative intensi* 
ties of light, and duration of dilierent can- 
dles, the result of which is contained in the 
following tables— 
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A Scotch mutchkin, or l-8th of a gallon 
of good seal oil, weighs 6010 gr. or 13 and 
1-lOth oz. avoirdupois, and lasts in a bright 
argand lamp, 11 hours 44 min. The weight 
of oil it consumes per hour, is equal to four 
times the weight of tallow in candles, 8 to 
the pound, and 3 l-7th limes the weight of 
tallow in candles, 6 to the pound. But its 
light, being equal to that of 5 of the latter 
candles, it appears from the above table, 
that 2 pounds weight of oil, value 1«. in an 
argand, are equivalent in illuminating pow- 
er to 3 pounds of tallow candles, which cost 
about three shillings. The larger the flame 
in the above candles, the greater the ecoo 
nomy of light.* 

• Caknel Coal. See Coal.* 
•Cannon Metal. See Copper.* 
*Cantharii>es. Insects vulgarly called 
Spanish flies: lytta vesicatoria is the name 
adopted from Gmelin, by the London col- 
lege. This insect is two-thirds of an inch 
in length, one-fourth in breadth, oblong, 
and of a g^ld shining colour, with soft ely- 
tera or wing sheathes, marked with thf<^ 
longitudinal rused stripes, and covering 
brown membranous wing^. An inseet of a 
square form, with black feet, but possessed 
of no vesicating property, is sometimes 
mixed with the cantharides. They have a' 
heavy disagreeable odour, and acrid taste. 
If the inspissated watery decoction of 
these insects be treated with pure alcohol, 
a solution of a resinous matter is obtained, 
which being separated by gentle evapora- 
tion to dryness, and submitted for some 
time to the action of sulphuric ether, forms 
a yellow solution. By spontaneous evapora- 
tion crystalline plates are deposited, which 
may be freed from some adhering colour- 
ing matter by alcohol. Their appearance is 
like spermaceti. They are soluble in boil- 
ing alooho), but precipitate as it cools. 



They do not dissolve in water. According 
%o M. Aobiquet, who first discovered them, 
these plates form the true blistering prin- 
ciple. They might be called Yesicato- 
RiN, Besides the above peculiar body, can- 
tharides contain, according to M. Robiquet, 
a green bland oil, insoluble in water, solu- 
ble in alcohol; a black matter, soluble in 
water, insoluble in alcohol, without blister- 
ing properties; a yellow viscid matter, mild, 
soluble in water and alcohol; the crystal- 
line plates; a fatty bland matter; phosphates 
of lime and mag^sia; a little acetic acid, 
and much lithic or uric acid. The blister- 
ing fly taken into the stomach in doses of 
a few grains, acts as a poison, occasioning 
horrible satyriasis, delirium, convulsions, 
and deatli. Some frightful cases are related 
by Orfila, vol. i. part 2d. Oils, milk, sirups, 
frictions on the spine, with volatile lini- 
ment and laudanum, and draughts contain- 
ing musk, opium, and camphorated emul- 
sion, are the best antidotes.* 

Caoutchouc This substance, which 
has been improperly termed elastic gum, 
and vulgarly, from its common application 
to rub out pencil marks on paper, India 
rttbber, is obtained from the milky juice of 
different plants in hot countries. The chief 
of these are the Jatropha elastica, and Vv' 
ceola elaatica. 

The juice is applied in successive coat- 
ings on a mould of clay, and dried by the 
fire or in the sun; and when of a sufficient 
thickness, the mould is crushed, and the 
pieces shaken out. Acids separate the ca- 
outchouc from the thinner part of the juice 
at once by coagfulating it. The juice of old 
plants yields nearly two-thirds of its weight; 
that of younger plants less. Its colour^ 
when fresh, is yellowish white, but it growa 
diu*ker by exposure to the air. 

The elasticity of this substance is ita 
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moft remaikftb1« proper^: when VRrmed, 
aa by immersion in hot water, slips of it 
may be drawn out to seven or eight times 
their original length, and will return to 
their former dimensions nearly. Cold ren« 
ders it stiff and rigid, but warmth restores 
its original elasticity. Bxposed to the fire 
it softens, swells up, and bums with a 
bright flame. In Cayenne it is us^d to give 
light as a candle. Its solvents are ether, vo- 
latile oils, and petroleum. The ether, how- 
ever, requires to be washed with water re- 
peatedly, and in this state it dissolves it 
completely. Pelletier recommends to boil 
the caoutchouc in water for an hour; then 
to cut it into slender threads; to boil it 
again about an hour; and then to put it into 
rectified siUpburic ether in a vessel close 
stopped. In this way he says it will be totally 
dissolved in a few days, without heat, ex- 
cept the impurities, which will fall to the 
bottom, if ether enough be employed. Ber- 
niard says, the nitrous ether dissolves it 
better than the sulphuric. If this solution be 
spread on any substance, the ether evapo- 
rates very quickly, and leaves a coating of 
caoutchouc unaltered in its properties^ 
Naphtha, or petroleum, rectified into a co- 
lourless liquid, dissolves it, and likewise 
leaves it unchanged by evaporation. Oil of 
turpentine softens it, and forms a pasty 
mass, that may be spread as a varnish, but 
is very long in drying. A solution of caout- 
chouc in five times its weight of oil of tur- 
pentine, and tliis solution dissolved in eight 
times its weight of drying linseed oil by 
boiling, is said to form the varnish of air- 
balloons. Alkalis act upon it so as in time 
to destroy its elasticity. Sulphuric acid is 
decomposed by it; sulphurous acid being 
evolved, and the caoutchouc converted into 
charcoal. Nitric acid acts upon it with heat; 
nitrous gas being given out, and oxalic acid 
crystallizing from the residuum. On distil-' 
lation it gives out ammonia, and carburet- 
ted hydrogen. 

Caoutchouc may be formed into various 
articles without undergoing the process of . 
solution. If it be cut4nto a uniform slip of 
a proper thickness, and wound spirally 
round a glass or metal rod, so that the 
edges shall be in close contact, and in this 
state be boiled for some time, the edges 
will adhere so as to form a tube. Pieces of 
it may be readily joined by touching the 
edges with the solution in ether: but this 
is not absolutely necessary, for, if they be 
merely softened by heat, and then pressed 
together, they will unite very firmly. 

If linseed oil be rendered very drying 
by digesting it upon an oxide of lead, and 
afterwards, applied with a small brush on 
any surface, and dried by the sun or in the 
smc&e, it will afford a pellicle of consider- 
able firmness, transparent, burning like. 
caQUtQh9«e« and wonderfully elastic. .A 



pound of this oil, spread upon a stone, and 
exposed to the air fi>r six or seven months, 
acquired almost all the properties, of ca- 
outchouc: it was used to make catheters 
and bougies, to varnish balioona, and fear 
other purposes. 

Of the mineral caoutchouc there are se- 
rai varieties: 1 Of a blackish-brown inclin- 
ing to olive, soft, exceedingly compressi- 
ble, unctuous, with a slightly aromatic 
smell. It bums with a bright flame, leaving 
a black oily residuum, which does not be- 
come dry. 2. Black, di^', and cracked on 
the surface, but, when cut into, Of a yellow- 
ish-white. A fluid resembling^ pyroligTiic 
acid exudes from it when recently cut. It 
is pellucid on the edges, and nearly of a 
hyacinthine red colour. 3. Similar to the 
preceding, but of a somewhat firmer tex- 
Uire, and ligneous appearance, from having 
acquired consistency in repeated layers. 

4. Resembling the first variety, but of a 
darker colour, and adhering to gray calca- 
reous spar, with some grains of galxna. 

5. Of a liver-brown colour, having the as-' 
pcct of the vegetable caoutchouc, but pass- 
ing by gradual transition into a brittle bi- 
tumen, of vitreous lustre, and a yellowish 
colour. 6. Dull reddish -brown, of a spongy 
or cork-like texture, containing blackish- 
gp-ay nuclei of imptire caoutchouc. Many 
more varieties are enumerated. 

One specimen of this caoutchouc has' 
been foimd in a petrified marine shell en-, 
closed in a rock, and another enclosed in 
crystallized fluor spar. 

The mineral caoutcliouc resists the ac-. 
tion of solvents still more than the vegeta^. 
ble. The rectified oil of petroleum affects 
it most, particularly when by partial burn- 
ing it is resolved into a pitchy viscous sub- 
stance. A hundred, grains of a specimen 
analyzed in the dry way by Klaproth, af-^ 
forded carburetted hydrogen gas 38 cubic 
inches, carbonic acid gas 4, bituminous oil 
73 grains, acidulous phlegm 1 .5, charcoal 
6.^, lime 2, silex 1.5, oxide of iran .75, 
sulphate of lime .5, aluTnina .25. 

Carat. See Assay. 

Carbon. When \'egctable matter, parti« : 
cularly the more solid, as wood, is exposed 
to heat in close vessels, the volatile parts 
fly off, and leave behind a black porous, 
substance, which is charcoaL If this be 
suffered to undergo combustion in contact' 
with oxygen, or with atmospheric air, much : 
the greater part of it will combine with the ' 
oxygen, and escape in the form of gas;: 
leaving about a two-hundredth part, which . 
consists chiefly of different saline and me- 
tallic substances- This pure in^ammable' 
part of the charcoid is what is commonly: 
called carbom and if the gas be received . 
into proper . vessels, the carbon will be 
fottnd> to have baen converted- by tlie oxr- • 
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gen into ui acid, called the carbonic. See 
Acm (Carbomic). 

Prom the circumstance, diat inflammable 
substances refract light, in a ratio greater 
than that of their densities, Newton infers 
red, that the diamond was inflammable. 
Thequan^ty of the inflammable part of 
chareoal requisite to form a hundred parts 
of carbonic acid, was calculated by Lavoi- 
sier to be twenty-eight parts. Prom a care- 
ful experiment of Mi*. Tenn&nt, 27.6 parts 
of diamond, and 72.4 of oxygen, formed 
100 of cai*bonic acid; and hence he infer- 
red the identity of the diamond, and the 
inflammable part of charcoal. 

* Diamonds had been frequently con- 
sumed in the open air with burning glasses; 
but Lavoisier ^rst consumed them in oxy- 
gen gas, and discovered carbonic acid to 
be the only result. Sir George Mackenzie 
shoiiEed, that a red heat, inferior to what' 
melts silver, is sufficient to burn diamonds* 
They first enlarge somewhat in volume, 
and then waste with a feeble flame. M. 
Guyton Morveau was the first who dropped 
diamonds into meited nitre, and obsei'ved 
the formation of carbonic acid. 

From a number of experiments M. Biot 
has made on the refraction of diiferent sub- 
stances, he has been led to. form a difl^er- 
ent opinion* According to him, if tlie ele. 
ments of which a substance is computed be 
known, their proportions inay be calcula- 
ted with the greatest accuracy from their 
refractive powers. - Thus he finds, th.it tiie 
diamond . cannot be pure carbon, but re- 
quires at least One-fourth of hydrogen, 
which has the greatest refractive power of 
any substance, to make its refraction com- 
mensurate to its density. 

In 1809, Messrs. Allen and Pepys made 
some accurate i-esearches on the combus- 
tion of various species of carbon in oxygen, 
by means of an elegant apparatus of their 
own contrivance. A platina tube traversing 
a furnace, and containing a given weight 
of the carbonaceous substance, was con- 
nected at the ends with two mercurial gas- 
ometers, one of which was filled with oxy- 
gen gas, and the other was ennpty. The 
same weight of diamond, earbon, and plum- 
bago, yielded very nearly the same volume 
of carbonic acid. Sir U. Davy was the first 
to show that the diamond was capable of 
supporting its own combustion in oxygen, 
without the continued application of ex- 
traneous heat, and h&thus obviated one of 
the apparent anomaties of this body, comr 
pared with charcoal. This phenomenon, 
by his method, can nQW be easily exhibit- 
ed. If the diamond,* supported in a per- 
forated cup, be fixed at the end of a jet, 
so that a stream of hydrogen can be thrown 
on it, it is easy, by inflaming the jet, to igr 
nite the gem, and whilst i^i that state to 
introduce it into a globe or flask containing 



oxygen. On turning oflT the h^rogen, the 
diamond enters into combustion, and will 
go on burning till nearly consumed. The 
loss of weight, and corresponding produc- 
tion of carbonic acid, were thus beautifully 
shown. A neat form of apparatus for this 
purpose is delineated by Mr. Faraday, in 
the 9th volume of the Journal of Science. 
Sir. H. Davy found, that diamonds gave a 
volume of pure carbonic acid, equal iq the 
oxygen consumed; charcoal and plumbago 
afforded a minute portion of hydrogen.* 
See Diamond. 

Well-burned charcoal is a conductor of 
electricity, though wood simply deprived of 
its moisture by baking is a non-conductor; 
but it is a very bad conductor of caloric, 
a property of considerable use on many oc- 
casions, as in lining crucibles. 

It is insoluble in water, and hence the 
utility of charring the surface of wood ex- 
posed to that liquid, in order to pi-eserve 
it, a circumstance not unknown to tlie an- 
cients. This preparation of timber has been 
proposed as a« effectual preventive of what 
is commonly called the dry rot. It has an 
attraction, however, for a certain portion of 
watei-, which it retains veyy fd^cibly. Heat- 
ed red-hot, or nearly so, it decomposes 
water; forming with its oxygen, carbonic 
acid, or carbonic oxide, according to the 
quantity present; and with the hydrogen a 
gaseous carburet, called carburetted hy* 
di-ogen, or heavy inflammable air. 

Oliarcoal is infusible by any heat. If ex- 
posed to a very high temperature m close 
vessels it loses little or nothing of its weight, 
but shrinks, becomes more compact, and 
acquires a deeper black colour. 

Recently prepared charcoal has a re* 
markable property of absorbing different 
gases, and condensing them in its pores, 
without any alteration of their properties 
or its own. 

* The following are the latest results of 
M. Theodore de Saussure, with boxwood 
charcoal, the most powerful species: 

Gaseous ammonia, - 90 vols. 

Ditto muriatic acid, 85 

Ditto sulphurous acid, 65 

Sulphuretted hydrogen, 55 

Nitrous oxide, - - 40 

Carbonic oxide, - 35 

defiant gas, - - - 35 
Caj'bonic oxide, - 9.42 

Oxygen, - - . 9^5 

Azote, ... 7.5 

Light gas from moist charcoal, 5.0 
Hydi-ogen, - - - I.75 

Very light charcoal, such as that of cork^ 
absorbs scarcely any air; while the pit-coal 
of Rastiberg, sp. gr. 1.326, absorbs lOJ 
times its volume. The absorption was aU 
ways completed in 24 hours. This curioua 
faculty^ which is coqamon to all porous bo-^ 
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flie«> resembles the acti<ni of capillary tubes 

on liquids. When a piece of charcoal, 
charged with one gas, is transferred into 
another, it absorbs some of it, and parts 
with ft portion of that first condensed. In 
tlie experiments of Messrs. Allen and Pe- 
pys, charcoal was found to imbibe irom 
the atmosphere in a day about l-8th of its 
weight of water. For a general view of ab- 
sorption, see Gas. 

When oxygen is condensed by charcoal^ 
carbonic acid is observed to form at the 
end of several months. But the most re*- 
markable property displayed by charcoals 
impregnated with gas» is that with sulphu* 
retted hydrogen, when exposed to the air 
or oxygen gas. The sulphuretted hydro*^ 
gen is speedily destroyed, and water and 
sulphur result, with the disengag^ement of 
considerable heat. Hydrogen alone has no 
such effects. When charcoal was exposed 
by Sir U. Davy to intense ignition in vacua, 
and in condensed azote, by means of Mr. 
Children's maantificent voltaic battery, it 
slowly volatilized, and gave out a little 
hydrogen . The remaining part was always 
much harder than before; and in one case 
so hard as t(f scratch glass, while its lustre 
was increased- This fine experiment may 
be regarded as a near approach to the pro* 
duction of diamond.* 

Chaixoal has a powerful affinity for oxy* 
gen, whence its use in disoxvgenating me- 
tallic oxides^ and restoring their base to its 
original metallic state, or reviving the me- 
tal. Thus too it decomposes several of the 
acids, as the phosphoric and sulphuric, 
from which it abstracts their oxygen, and 
leaves the phosphorus and sulphur free. 
"• Carbon is capable of combining with sul- 
phur, and with hydrogen. With iron it 
forms steel; and it unites with copper into 
a carburet, as observed by Dr. Priestley. 

A singular and important property of 
charcoal is that of destroying the smell, 
colour, and taste of various substitnces: for 
the first accurate experiments on which we 
are chiefly indebted to Mr- Lowitz of Pe- 
tersfourgh, though it had been long before 
recommended to correct the foctor of foul 
ulcers, and as an antiseptic. CUn this ac- 
count it is certainly the best dentifrice. 
Water that has become putrid by long 
keeping in wooden casks, is rendered sweet 
by filtering through charcoal powder, or 
by agitation with it; particularly if a few 
drops 6f sulphuric acid be added. Com- 
mon vinegar boiled with diarcoal powder 
becomes perfectly limpid. Saline solutions, 
that are tinged yellow or brown, are ren- 
dered colourless in the same way, so as tc^ 
afiord perfectly white crystals. The impure 
earbonate of ammonia obtained from bones, 
is <leprived both of its colour and fetid 
amell by sublimation with an equal weight 
«f charcoal powder. Malt spitit » freed 
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its diiagteeable flavour i>y daatinatioii 
from charcoal: but if too much he used,, 
part of the spirit is decomposed. Simple 
macj&ration, for eight or ten daysyin the. 
proportion of about 1-I50th of the weight 
of the spirit, improves the flavour much. 
It is necessary, that the charcoal be well 
burned, brought to a red heat before it i» 
used, a&d used as soon as may be, or at 
least be carefully excluded from the air. 
The proper proportion toe should be as.* 
certained by experiment on a smidi scaler 
The charcoal may be used repeatedly, by 
exposing it for 4ome time to a red heal 
before it is again employed. 

Charcoal is used on particular occasions 
as fiiel, op account of its ^ving a strong 
and steady heat without smoke. It is em* 
ployed to convert iron into steel by ce- 
mentation. It enters into the composition 
of gtmpow<der. In its finer states, as in ivory 
bUKfc, lampblack, &c. it forms the basis of 
black paints, Indian ink, uid printers' ink. 

* The purest. carbon for bbemical pur- 
poses is obtained by strongly igniting lamp- 
black in a covered crucible. • This yields, 
like the diamond, unmixed carbonic acid 
by combustion in oxygen. 

Carbon unites with all the common sim- 
ple combustibles, and with azote, tbrming 
a series of most important compounds. 
With sulphur it forms a curious limpid 
liquid called carburet of sulphur^ or sul- 
phuret of carbon. With phosphorus it forms 
a species of compound, whose properties 
are imperfectly ascertained. It unites with 
hydrogen in two definite proportions, con- 
stituting sub-carburetted and carburetted 
hydrogen gases. With azote it forms prus* 
sic gas, the cyanogen of M. Gay-Lussac« 
Steel and plumbago are two different com- 
pounds of carbon with iron. In black chalk 
we find this combustible intimately asso- 
ciated with silica and alumina. The prim- 
itive combining proportion, or prime equi- 
valent of carbon, it 0.75 on the oxygen 
scale.* 

* Carbon (Mineral), is of a grayish- 
black colour. It is charcoal, with various 
proportions of earth and iron, without bi- 
tumen. It has a silky lustre, and the fibrous 
texture of wood. It is found in small quan- 
tities, stratified with brown coal, slate coal, 
and pitch coai* 

■ * Carbonates. Compounds of carbo» 
nic acid with the salifiable bases. They are 
composed either of one prime of the acid 
and one of the base, or of two of the acid 
and one of the base. The former set of 
compounds is caUed«carbonates, the latter 
bicarbonates. See Carbonic Acid. 

As the system of chemical equivalents^ 
or atomic theory of chemical combination, 
derives some of its fundamental or prime 
proportions from the constitution of the 
carbonates, their analysis requires peculiar 
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]irec»tttioiM. In the AnnaU of Fbilosophjr 
for October 1817, 1 gave a description of a 
new instrument fbr aceompUshing this pur- 
po^ with the minutest precision'. 

The usual mode of analysis is to put a 
given weight of the carbonate in a phial» 
and add to it a certain quantity of a liquid 
acid which will dissolve the base, and dis- 
engage the carbonic acid. I found, with 
every care I could take in this method, 
that Tariable and uncertain quantities of 
the liquid acid were apt to be carried off 
in vapour with the carbonic gas, while a 
portion of this gaseous acid was .generally 
retained in. the saline liquid. Hence, in the 
analysis of crystallized carbonate of lime, 
the most uniform of all compounds, we have 
the foUbwing discordant results, which are 
of importance in the doctrine of equiva- 
lents:— 

Mr. Kirwan. makes it consist of 

45 acid + ^^ lime, 
MM. Aiken, 44 -^56 

Dr.'Marcet, 43.9 -f 56.1 

Dr. WoUaston, 43.7 + 56.3 

M. Vauquelin, 4:^.5 + S6.S 

M. Thenard, 43.28 -f 56.72 

Dr. Thomson, 43.137 ■+- 56,863 
If we deduce the equivalent of lime from 
the analysis of Dr. Marcet, so well known 
for his philosophical accuracy we shall have 
Lime = 35.1 to carb. acid 27.5 
Dr. Thomson's is 36.25 to do. ^7.5 
I adduced the following experiment, se- 
lected from among many others, as capable 
of throwing lighten the cause of these varia- 
tions: " Into a small pear-shaped vessel of 
glass, with a long neck, and furnished with 
a hollow spherical stopper, drawn out, 
above and below, into a tube almost capil- 
lary, some dilute muriatic acid was put. 
The whole being poised in a dehcate ba- 
lance, ICJO grains of calc spar in rhomboi- 
dal fragments were introduced, and the 
stopper was quickly inserted. A little while 
after the solution was completed, the di- 
minution of weight, indicating the loss of 
carbonic acid, was found to be 42.2 grains. 
"Withdrawing the stopper, inclining the 
vessel to one side for a few minutes, to al- 
low the dense gas to flow out, the diminu- 
tion became 43.3. Finally, on heating the 
body of the vessel to about 70*, while the 
hollow Stopper was kept cool, small bub- 
bles of gas escaped from the liquid, and 
the loss of weight was found to be 43.65, 
at which point it was stationary. This is a 
tedious process." The instrument which I 
subsequently employed is q[uick in its ope- 
ration, and still more accurate in its results. 
It consists of a glass tube of the same 
strength' and diameter with that usually 
employed' for barometers, having a strong 
egg-shaped bulb, about 2 inches long, and 
if wide, blown at one of its ends, while 
Vol. I. - 



Ate othtft is open and recurved Tike a sy- 
phon. The straight part of the tube, be- 
tween the ball and bend, is about 7 inches 
long. The capacity, exclusive of the cur- 
ved part, is a little more than 5 cubic 
inches. It is accurately graduated into cu- 
bic inches and hundredth parts, by the 
successive additions of equal weights of 
quicksilver, from a measiire thermometric 
tube. Seven troy ounces and 66 gi'ains of 
quicksilver occupy the bulk of one cubic 
inch. Four, and a half such portions being 
introduced, will fill the ball, and the be- 
ginning of the stem. The point in the tube, 
which is a tangent to the surface of the 
mercury, is marked with a file or a dia- 
mond. Then 34^ grains, equal in volume to 
1-lOOth of a cubic inch^ being drawn up 
into the thermometric tube, rest at a cer- 
tain height, which is also marked. The 
same measure of mercuiy is successively 
introduced and marked off, till the tube is 
filled. 

" In the instrument thus finished, l*200th 
of a cubic inch occupies on the stem about 
l-14th of an inch, a space very distinguisha- 
ble. The weight of carbonic acid, equiva- 
lent to that number, is less than l-400th of 
a g^ain. The mode of using it is perfectly 
simple and connnodious, and the anal3rticia 
result is commonly obtained in a few mi- 
nutes." 

For example, five grains of calcareous 
spar in three or four rhomboids were 
weighed with great care in a balance 
by Crighton, which turns with ; tofl^o^o ©f 
the weight in the scales. These are intro- 
duced into the empty tube, and made to 
slide gently along into the spheroid. The 
instrument is then held in nearly a hori- 
zontal position witli the left hand, the top 
of the spheroid resting ag'ainst the breast, 
with a small funnel bent at its point, in- 
serted into the orifice of the tube. Quick- 
silver is now poured in till it be filled, 
which in tliis position is accomplished in a 
few seconds. Should any particles of air 
be entangled among the mercury, they are 
discharged by inverting the instrument, 
having closed the orifice with the finger. 
On reverting it, and tapping the ball with 
the finger, the fragments ctf spar rise to 
the top. Three or four hundredth parts of 
a cubic inch of mercury being displaced 
from the mouth of the tube, that bulk of 
•dilute nmriatic- acid is poured inj then 
pressing the forefinger on the orifice, and 
inclining the instrument forwards, the acid 
is made to rise through the quicksilver. 
This, as it is displaced by the cooled car- 
bonic acid, falls into a stone-ware or glass 
basih, within which the instrument stands 
in a wooden frame. When the solution is 
completed, the apparent volume of gas is 
noted, the mercury in the two legs of the 
34 
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fyphon is brought to « level, or the differ- 
ence of height above the mercury in the ba- 
sin is observed, as also the temperature of 
the apartment, and the height of the baro- 
meter. Then the ordinary corrections being 
made, we have the exact volume of carbo- 
nic acid contained in five grains of calc 
•par. In very numerous experiments, which 
I have made in very diiierent circumstances 
of atmospherical pressure and tempera- 
ture, the results have not varied one-hun- 
dredth of a cubic inch, on five grains, care 
being had to screen the instrument from 
the radiation of the sun or a fire. 

As there is absolutely no action exer- 
cised on mercury by dilute muriatic acid at^ 
ordinary temperatures; as no perceptible 
diflference is made in the bulk of air, by 
introducing to it over the mercury a little 
of the acid by itself; and as we can expel 
every atom of carbonic acid from the mu- 
riate of lime, or other saline solution, by 
gently heating that point of the tube which 
contains it, it is evident that the total vo- 
lume of gaseous product must be accu- 
rately determined. When a series of ex*- 
periments is to be performed in a short 
space of time, I wash the quicksilver with 
water, dry it with a sponge first, and then 
with warm muslin. The tube is also wash- 
ed out and drained. According to my ex- 
periments with the above instrument, 5 
p^rains of calcareous spar yield, 4:7 cubic 
inches of carbonic acid, equivalent to 43.616 
per cent. The difference between this num- 
ber and Dr. Wollaston's is inconsiderable. 

Among other results which I obtained 
from the use of the above instrument, it 
enabled me to ascertain the true composi- 
tion of the sublimed carbonate of ammo- 
nia, which chemists had previously mis- 
taken. I showed in the Annals of Philoso- 
phy for September 1817, that this salt con- 
tained 54.5 of carbonic acid, 30.5 ammo- 
nia, and 15 water, in 100 parts; numbers 
which, being translated into the language 
of equivalents, approach to the following 
proportions:— « 

Carbonic acid, 3 primes, 8.25 55.89 

Ammonia, 2 4.26 28.86 

Water, 2 2.25 15.25 

14.76 loaoo 

As this volatile salt possesses the cu- 
rious property of passing readily from one 
Sstem of definite proportions to another, 
solute accordance between experiment 
and theory cannot be expected. The other 
salt gave for its constituents, 54.5 car- 
bonic acid -f 22.8 ammonia-f 22.75 wa- 
ter =5 100. Now, if tliese numbers be re- 
ferred to Dr. Wollaston's oxygen scale, we 
shall have,— Theory, Expt. 

3 primes carbonic acid, 550 55.66 ^4.50 

1 ammonia 2.13 21.56 22.80 

2 water, 2.25 2278 22.75 



These near approximations to the equi- 
valent ratios in compounds of a variable 
niiture, do not seem to have attracted no- 
tice at the time. Dr. Thomson describes 
in his System the solid subcArbonate found 
in the shops as indefinite in the proportion 
of its constituents. In the 14lh Number of 
the Journal of Science, his friend, Mr. PhU- 
lips, whose attention to minute accuracy is 
well-known, has published an ingenious pas 
per on the subject, which begins with the 
following handsome acknowledgment of 
my labours: " During some late researches, 
my attention being directed to the compo- 
sition of the carbonates of ammonia, I be- 
gan, and had nearly completed an examina- 
tion of them, before I observed that they 
had been recently analyzed by Dr. J5fe\ 
and I consider his results' to be so nearly 
accurate, that I should have< su|^ressed 
mine, if I had not noticed some circum- 
stances respecting the compounds in ques- 
tion, which have, I believe, hitherto escaped 
observation.** 

Mr. Phillips's communication is valua- 
b^. It presenu a luminous systematic view 
of the carbonates of ammonia and soda. Dr. 
Thomson, in his Annals for July 1820, 
enumerates that account of the carbonates 
of ammonia among the improvements made 
in 1819, without any allusion to my expe- 
riments on Uie ammoniacal salts, publish- 
ed in his own Magazine, nearly three years 
before he printed his retrospect. 

The indications of the above analytical 
instrument are so minute, as to enable us, 
by the help of the old and well known 
theorem for computing the proportions of 
two metals from the specific gravity of an 
alloy, to deduce the proportions of the 
bases from the volume of gas disengs^d 
by a given weight of a mixed carbi^ate. 
A chemical problem of this nature was 
practically solved|by me, in presence of two 
distinguished Professors of the University 
of Dublin, in May 1816. Ijut such an appli- 
cation is more curious than useful, since a 
slight variation in the quantity of gas, as 
well as accidental admixtures of other sub- 
stances, are apt to occasion considerable 
errors. It determines, however, the nature 
and value of a limestone with sufficient 
practical precision. As 100 grains of mag- 
nesian lime&tone yield 99 cubic inches of 
gas, a convenient rule for it is formed when 
we say, that 10 grains will yield 10 cubic 
inches. In the same way marls and com- 
mon limestones may be examined^ by sub- 
jecting a certiun number of grains, in a 
graduated syphon tube, to the action of a 
little muriatic acid over mercury. From the 
bulhofev9ived£ra9i exprettedin cMcinchet 
andtenthf, deduct 1-20#A, the remainder -mil 
exfirete thuB propertion of real Hmettme pre- 
$ent in thegrmm ^mfio^d^ 
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' *CARB«NATS0fBAmYTB8. SeeWzTH- 
E&XTB.* 

* CAmsoHATBof LiMs. See Calcabb- 
oirs Spar.* 

- f Gaabokate of Strontiaw. See 
Strontzan and Heavy Spar.* 

* Cabbohzc Acid. See Acid Carbo- 
i»ic.* 

* Carbovzc Oxidb. a gaseous com- 
poiund of one prime equivalent of carbon, 
and one of ozy^§^, consisting by weight of 
0.75 of the fortner, and 1.00 <rf the latter. 
Hetice the prime of the compound is 1.75, 
the same as that of azote. This gas can- 
not be formed by the chemist by the direct 
comlnnation of its cdnstituents; for at the 
temperature requisite for effecting a union, 
the carbon attracts its full dose of oxygen, 
and thus generates carbonic acid. It may 
be procur^ by .exposing charcoal to a long 
continued heat^ The last products consist 
chiefly of carbonic oxide. 

To obtain it pure, however, our only plan 
is to abstract one proportion of oxygen 
from carbonic acid, either in its gaseous 
state, or as condensed in the carbonates. 
Thua by introducing well calcined char- 
coal into a tube traversing a furnace, as 
is represented pUte i: fig. 3.; and when it 
is heated to redness, passing over it back- 
wards and forwards, by means of two at- 
tached mercurial gasometers or bladders, 
a slow current of carbonic acid, we con- 
vert the acid into an oxide more bulky 
than itself. Bach prime of the carbon be- 
comes now associated with only one of 
oxygen, instead of two, as before. The 
carl^n acting here, .by its superior mass, 
is enabled to effect the thorough satura- 
tion of the oxygen.. 

If we subject to a strong heat, in a gun 
barrel or retort, a mixture of any dry earthy 
carbonate, juch as chalk, or carbonate of 
•strontites, with metallic filings or charcoal, 
the combined acid is resolved as before 

• into the gaseous oxide of carbon. The most 
convenient mixture is equal parts of dried 
chalk and iron, or zinc filings. By passing 
a numerous succession of electric explo- 
sions through one volume of carbonic acid, 
confined over mercury, two volumes of 
carbonic oxide, and one of oxygen, are 
formed, according to Sir H. Davy. 

The specific gravity of this gas is stated 
by Gay-Lussac and Thenard,. from theore- 
tical considerations, to be 6.96783, though 
Mr. Cruickshank's experimental estimate 
was 0.9569. As the gas is formed by with- 
drawing fi^om a vdlume of carbonic acid 

* half a volume of oxygen, while the bulk 
-of the gas remuns unchanged, we obtain 

its specific gravity by subtracting from that 
of carbonic acid half the specific gravity 
'of oxygen. Hence 1.5277 — ^,^5SS =: 
0.9722f differing slightly from the above, 
in consequence of the French chemuita 



rating the specific gravity of the two ari- 
ginal gases at 1.51961 and 1.10359. Hence 
100 cubic inches weigh 29f grains at mean 
pressure and temperature. 

This gas bums with a dark-blue flame. 
Sir H. Davy has shown, that though carbo- 
nic oxide in its combustion produces less 
heat than other inflammable g^ses, it 
may be kindled at a much lower tempera- 
ture. It inflames in the atmosphere, when 
brought into contact with an iron wire 
heated to dull redness, whereas carburet- 
ted hydrogen is not inflammable by a si- 
milar wire, unless it is heated to whiteness, 
so as to bum with sparks. It requires, for 
its combustion, half its volume of oxygen 
gas, producing one volume of carbonic 
acid. It is not decomposable by any of 
the simple combustibles, except potassi- 
um and sodium. When potassium is heat- 
ed in a portion of the gas, potash is 
formed with the precipitation of charcoal, 
and the disengagement of heat and light. 
Perhaps iron, at a high temperature, would 
condense the oxygen and carbon by its 
strong afiinity for these substances. Water 
condenses -jV of its bulk of the gas. The 
above processes are those usually pre- 
scribed in our systematic works, for pro- 
curing the oxide of carbon. In some of 
them, a portion of carbonic acid is evolved, 
"Which may be withdrawn by washing the 
gaseous product with weak solution of 
potash, or milk of lime. We avoid the 
chance of this impurity by extricating the 
g^s from a mixture of dry carbonate of ba- 
rytes and iron filings, or of oxide of zinc« 
and previously calcined charcoal. The ga- 
seous product, from the first mixture, is 
pure oxide of carbon. Oxide of iron, and 
pure barytes, remain in the retort. Cai'bonic 
oxide, when, respired, is fatal to animal 
life. Sir H. Davy took three inspirations of 
it, mixed with about one-fourth of common 
air; the effect was a temporary loss of sen- 
sation, which was succeeded by giddiness, 
sickness, acute pains in different parts of 
the body, and extreme debility. Some days 
elapsed before he entirely recovered. Since 
then, Mr. Witter of Dublin was struck 
down in an apoplectic condition, by breath- 
ing this g^s; but he was speedily restored, 
by the inhalation of oxygen. See an inte- 
resting account of this experiment, by Mr. 
Witter, in the Phil. Mag, vol. 43. 

When a mixture of it and chlorine is ex- 
posed to sunshine, a curious compound, 
discovered by Dr. John Davy, is formed, 
to which be gave the name of phosgene 
gas. I shall describe its properties in treat- 
ing of chlorine. It has been called chloro- 
carbonic aoid, though chlorocarbonous acid 
seems a more appropriate name.* 

• Carbunclk, a gem highly prized by 
■the ancients, probably the a/amandirneti «^ 
Yftriety of noble Garnet* 
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^Carbuebt or Sulphur. Called «lt0 
tulphuret of carbon^ and alcohol of sul- 
phur. , 

This interesting liquid was originally ob-» 
tained by Lamf>adius in distilling a mixture 
of pulverized pyrites and charcoal in an 
earthen retort, and was considered by him 
Bs a peculiar compound of sulphur and hy- 
drogen. But MM. Clement and Desormes, 
with the precision and ingenuity which dis- 
tinguish all their researches, first ascer? 
tained its true constitution to be carburets 
ted sulphur; and they invented a process of 
great simplicity, for at once preparing it* 
and proving its nature. Thoroughly cal* 
cined charcoal is to be put into a porcelain 
tube, that traverses a furnace, at a slight 
sngle of inclination. To the higher end of 
the tube, a retort of glass, containing sul* 
phur, is luted; and to the lower end is at^ 
tached an adopter tube, which enters into 
a bottle with two tubulures, half full of 
water, and surrounded with very cold wa- 
ter or ice. From the other aperture of the 
bottle, a bent tube proceeds into the pneu- 
matic trough. When the porcelain tube is 
brought into a state of ignition, heat is 
applied to the sulphur, which subliming 
into the tube, combines with the charcoal, 
forming the liquid carburet. The conclu- 
sive demonstration of such an experiment 
was however questioned by M. Berthollet, 
jun. and Cluzel. But MM. BerthoUet, The- 
Dard and Yauquelin, the reporters on ]VI. 
Cluzel's memoir, having made some expe- 
riments of their own upon the subject, 
concluded that the liquid in question was 
a compound of sulphur and carbon only. 
.' Finally, an excellent paper was written 
<m the carburet by M. Berzelius and Dr. 
Marcet, who confirmed the results of MM. 
Clement and Desormes, and added likewise 
several important facts. 

If about ten parts of well calcined char- 
coal in powder, mixed with fifty parts of 
pulverized native pyrites (bisulphuret of 
iron), be distilled from an earthen retort, 
into a tubulated receiver surrounded with 
ice, more than one part of sulphuret of 
tarbon may be obtained. If we employ the 
elegant process of M. Clement, we must 
take care that the cliarcoal be perfectly 
essoined, otherwise no carburet will be ob- 
tained. In their early experiments, they at- 
tached to the higher end of the porcelain 
tube a glass one, containing the sulphur 
in- small pieces, and pushed these succes- 
sively forwards by a wire passing air-tight 
through a eork, at the upper end of the 
tube. 

Besides the liqitid carburet, there is 
formed some carburetted and sulphuretted 
hydrogen, and ^ reddish -brown solid and 
Tery combustible matter, which seems to 
be sulphur slightly carburetted. This suh- 
^tance remains almost entirely in the adopt- 



er, tube. The liquid cwboret occupies the 
bottom of the receiver bottle, and may be 
separated from the supernatant water, by 
putting the whole into a funnel, whose 
tube is closed with the finger, and letting 
the denser brown carburet ftow out below, 
whenever the distinction of the liquid into 
two strata is complete. Thus obtained, the 
carburet is always yellowish, containing a 
small excess of sulphur, whidi may be re- 
moved by distillation from a glass retort* 
plunged in water, at a temperature of 115*. 
It is now transparent and colourless, of a 
penetrating, fetid smell, and an acrid buror 
ing taste. Its specific gravity varies from 
i.263 to 1.272. According to Dr. Marcet, 
it boils below 110*; according to M. Ther 
nard at 113® F.; and the tension oC its va- 
pour at 72.5° is equivalent to a column of 
12.53 inches of mercury. At 53.5^, accord- 
ing to Marcet and Berzelius, the tension is 
equivalent to a column of.7.4 inc^s, or 
one.fourth of the mean atmospheric pres- 
sure; hence one-third is added to the bulk 
of any portion of air, with which the ii« 
quid may be mixed. A spirit of wine ther- 
mometer, having its bulb surrpun^d with 
cotton cloth pr Dnt, if dipped in sulphuret 
of carben, and stispended in tlie sur» sinks 
from»60* to 0*. If it be^t into the receiver 
of an air pump, and a moderate exhaustioB 
be made, it sinks rapidly firom 60** to — 
81®. If a tube containing mercury be treat- 
ed in the same way, the inercury may be 
readily frozen even in summer.. The drier 
the air in the receiver^ the more easily is 
the cold produced. Hence the presence of 
sulphuric acid may be. of some service in 
removing the vapour from, the sur in the 
receiver. 

This carburet may be cooled to i— 80^ 
without congealing; a conclusive proc^that 
combination changes completely the con- 
stitution of bodies, since two substances 
usually solid, form a fluid which we can- 
not solidify. When a lighted body approach- 
es the surface of the carburet, it immedi- 
ately catches fire, and bums with a blue 
sulphurous flame. Carbonic and sulphurous 
acids are exhaled, and. a little sulphur is 
deposited. A heat of about 700^ inflames 
the vapour of the carburet. Oxygen dilated 
by it over mercury explodes by the electric 
spark, with a violent detonation. My eudi- 
ometer is peculiarly adapted to the exlii- 
bition of this experiment. A portion of oxy- 
gen being introduced into the sealed leg, 
we pour a few drops of the carburet on the 
surface of the mercury in the open leg, 
and closing this with the finger, transfer 
the liquid to the other by a momentary in- 
clinatibn of the syphon. The expansion of 
volume can be now most accurately mea- 
sured by bringUng the mercury to a level 
in each leg. 
The subsequent ezplosimi occasioiu no 



CJLB 



CAB 



danger, and a scarcely audible i^por^. The 
cesalt is a true analysis, if- we have mixed 
oxygen saturated with the vapour at ordi* 
ttary pressure and temperature, with about 
its vi^ume of- pure isxygen-. Otherwise, all 
the stttphur would not be oxygenated. We 
obt&in, then, sulphurous and carbonic acids, 
with the excess of oxygen. 

The carburet of sulphur dissolves cam«. 
phor. It does not unite with water; but 
very readily with alcohol and etlier. With 
chloride of azote it forms a non-detonating 
compound. The waters of potash, barytes, 
and lime, slowly decompose it, with the 
evolution of carbonic acid g^. It combines 
with ammonia and lime, forming carbo- 
sulphurets. The carburet, saturated with 
amreoniacaVgas, forms a yellow pulveru- 
lent substance, which sublimes unaltered 
in close vessels, but is so deliquescent that 
h cannot be passed from one vessel to ano- 
ther "Without, absorbing moisture. When 
heated in that state, crystals of hydrosul- 
phuret of ammonia form. The compound 
with lime is made by heating some quicfc- 
fime in a tube, and causing the vapour of 
carburet to pass through it. The lime be- 
comes incandescent at the instant of com- 
bination; 

- When the carburet is left for some weeks 
in eOAtact with nitro-itturiatic acid, it is 
tsofiverted into a substance having very 
much the appearance and physical proper- 
-ties of camphorj being soluble in alcohol 
5ind oils, and insoluble in water. This sub- 
Btanee- is, according to BerzeRus, a triple 
■ftcid, composed of two atoms of muriatic 
acid, one atom of sulphurous acid, and one 
utoift of carbonic acid. He calls it, muria- 
tico-sulphurous-carbonic acid. 

When potassium is heated in the vapour 
of the caAuret, it burns with a reddish 
flatne; and a black film appears on the sur- 
face. On admitting water, a greenish solu- 
tion of sulphuret of potash is obtained, 
containing a mixtui*e of charcoal. Fi'om its 
v&pbur- passing through ignited muriate of 
silver, without occasioning any reduction 
of the metal, it is demonstrated that tlilt 
carburet is destitute of hydrogen. 

When the compound of potash, water, 
and carburet of sulphur, is added to me- 
tallic solutions, precipitates of a peculiar 
kind, called, carbo-sulphurets, are obtain- 
ed. The following is a table of the colours 
of the precipitates: 

Muriate of Cerium, White or yellowish- 
white. 
Sulphate of Manga- 
nese, Greenish-gray. 
Sulphate of Zinc, White. 
Permuriate of iron. Dark red. 
Submuriate of Anti- 
mony, Orange. 
Muriate of tin> Pale orange^ then 
brown. 



Nitrate of Cobalt, Bark ofiye-g^ecn, at 

laist black. 
Nitrate of lead, A fine scarlet. 

Nitrate of copper, Dark brown. 
Protomuriate of mer- 
cury. Black. 
Permuriate of mer- 
cury. Orange. 
Mu>iate of silver. Reddish-brown. 

Carburet of sulphur was found by Dr. 
Brewster to exceed all fluid bodies in re- 
frictive power, and even the sohds, flint- 
glass, topaz, and tourmaline- In dispersive 
powHfer it exceeds every fluid substance ex- 
cept oil of cassia, holding an intermediate 
place between phosphoi'us and balsam of 
tolu. 

The best method of analyzing the car- 
bnifet of sulphur, is to pass its vapour over 
ignited peroxide of iron; though the ana- 
lysis ^^as skilfully effected by MM. Ber- 
thoiiet, Vauquelin, and Thenard,. by trans- 
mitting the vapour through a red-hot cop- 
per tube, or a porcelain one containing 
copper turnings. Both the first method, as 
employed' by Berzelius, and the second, 
concur in showing the carburet to consist 
of 1 prime of carbon, 0.7o 15.79 
2 primes of sulphur, 4.00 84.21 

4.75 100.00 
Vauquelin's experimental numbers are, 
from 15 to 16 carbon, and from 86 to 8^ 
sulphur; and those of Berzelius and Mar- 
cet are 15.17 carbon, and 84.83 sulphur, in 
100 parts. 

■ Of the cold produced by the evaporation 
of the carburet of sulphur, the following 
account is given by Dr. Thomson in the 
third volume of his Annals, being the ex- 
tract of a letter which he received from 
Mr. J. Murray, philosophical lecturer:-^^** 
A glass of water has remained on the table 
«ince the preceding evening, and though it 
might be some degrees below 32® Fahr. it 
indicated no disposition for congelation. A 
few drops of sulphuret of carbon were ap- 
plied to the surface, instantly the globules 
became cased with a shell of icy spicule 
of retiform texture. Where they were in 
contact with the water, plumose branches 
darted from the sulphuret as from a centre 
to the bottom of the vessel, and the whole 
became, solidified. The sulphuret of carbon 
in the interim volatilized, and durii^ this 
period the spicules exhibited the colours 
of the solar spectrum in beautiful array."* 
* CARBURETTEn HYj>aocsN Gas. Of 
this compound gas, formerly called hea^ 
inflammable air, we have two species, dif* 
fering in the proponions of the constitu- 
ents. The first, consisting of 1 prime equi- 
valent of each, is carburetted hydrogen; the 
second, of 1 prime of carbon, and 2 of hy^ 
drogen, is subcarburetted hydrogen. l.Car- 
buretted hydrogen, the percarburetted hy- 
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drojfien of the French chemists, is, accord- 
ing to Mr. Brande, the only definite com- 
pound of these two elements. To prepare 
it, we mix in a glasB retort, 1 part of alco- 
hol, and 4 of sulphuric acid, and expose 
the retort to a moderate beat The gas is 
usually received over water: though De 
Saussure states that this bquid absorbs 
more than 1-nb of its volume of the gas. 
It is destructive of animal life. Its specific 
gravity is 0.978, according to Saussure. 100 
cubic inches weigh 2880 gr. It possesses 
airthe mechanical properties of air. It is 
invisible, and void of taste and smell, when 
it has been washed from a little ethereous 
vapour. The effect of heat on this gas is 
curious. When passed through a porcelain 
tube, heated to a cherry red, it leU fail a 
portion of charcoal, and nearly doubles its 
volume. At a higher temperature it depo- 
sites more charcoal, and augments in bulk; 
till finally, at the greatest heat to which wc 
can expose it, it lets fall almost the whole 
of its carbon, and assumes a volume 3j 
times greater tlian it had at first These re- 
markable results, observed with great care, 
have induced the illustrious Bertholiet to 
conclude, with much plausibility, tliat hy- 
drogen and carbon combine in many suc- 
cessive proportions. The transmission of a 
aeries of electric sparks through this gas, 
produces a similar effect with that of sim- 
ple heat. 

Carburetted hydrogen bums with a 
splendid white flame. When mixed witb 
three times its bulk of oxygen, and kind, 
led by a taper or the electric spark, it ex- 
plodes with great violence, and the foui 
volumes are converted into two volumes of 
carbonic acid. But two volumes of carbonic 
acid contain two volumes of oxygen. The 
remaining volume of oxygen therefore has 
been expended in forming water with two 
volumes of hydrogen. Hence the originai 
volume of carburetted hydrogen was made 
up of these two volumes of hydrogen = 
0.1398 (0.0694 X 2) •+ 2 volumes of gase- 
ous carbon = 83i3, constituting 1 con- 
densed volume s= 0.9731. By gaseous car- 
bon is meant the vapour of this solid, as it 
exists in carbonic acid; the density of which 
vapour is found by subtracting the specific 
gravity of oxygen, from that of carbonic 
acid. Hence 1.5:77—1.1111 = 0.4166, re- 
presents the dei^sity of gaseous ctirbon. M. 
Thenard says, that if we mix the percarbu- 
retted hydrogen at once with three times 
its volume of oxygen, the eudiometer would 
be broken'; so sudden and powerful is the 
expansion. The eudiometer referred to is 
that of Yolta, which costs three guineas in 
Paris. My eudiometer, which does not cost 
three ahillings, bears the explosive violence 
of the above mixture, without any danger. 
•(See Eudiometer). When it is detonated 
^th only an equid yoiome of axygea, it ex- 



pands ereatly, and the two volames become 
more than three and a half. In this case on- 
ly l-8tfa or 1-lOth of a volume of carbonic 
acid is formed; but more than a volume and 
a half of carbonic oxide; a little hydrogen 
is consumed, but the greatest part remains 
untouched and mixed with Uie carbonic 
oxide. It may be separated by combustion 
with chlorine. 

If we refer the weights above found, from 
the combining volumes, to the equivalent 
oxygen scale, we shall have the gas con- 
sisting of 1 prime of each constituent. 

For 0.1398: 0.125: :8333: 0.752; now 0.125 
and 0.750 represent the prime equivalents 
of hydrogen and carbon. . 

^^entliis gas is mixed with its own 
bulk of chlorine, the gaseous mixture is 
condensed over water into a peculiar oily- 
looking pompound. Hence this carburetted 
hydrogen was called by its discoverers, the 
associated Dutch chemists, ol^/Uau ga». 
MM. Robiquet and Colin formed this liquid 
in considerable quantities, by making two 
currents of its constituent gases meet in a 
glass globe. The olefiant gas should be in 
ratlier larger quantity than the chlorifie« 
otherwise the liquid becomes of a green 
colour, and acquires acid properties. When 
it is washed with water, and distilled off 
dry muriate of lime, it may be regarded as 
pure. It is then a limpid colourless essence 
of a pleasant flavour, and a sharp, sweety 
and not disagreeable taste. At 45^ its spe- 
cific gravity is 2.2201. Its boiling point is 
152°. At 49° is vapour is said to be ci^iable 
of sustaining a column of 24$ inches of 
mercury. The specific gravity of the va- 
pour is 3.4434, compared to atmospheric 
air. But that quantity is the sum of the 
densities of chlorine and olefiant gas. It 
will consist therefore by weight of 

Olefiant gas, 0.9731 (2 X 0.875) 1.75 

Chlorine, 2,4733 4.45 

3.4464 6.20 

or two primes of the first and one of the 
second. Its ultimate constituents are. there- 
fore 1 chlorine, 2 carbon, and 2 hydrogen. 
This substance bums with a green flame, 
from which charcoal is deposited, and mu- 
riatic acid gas flies off*. Decomposition, 
with similar results, is effected by passing 
the liquid through a red-hot porcelain tube. 
Its constitution probably resembles that of 
muriatic ether. 

Olefiant gas is elegantly analyzed by 
heating sulphur in it over mercuiy. One 
cubic inch of it, with 3 grains of sulphur, 
yields two cubic inches of sulphuretted hy- 
drogen, and charcoal is deposited. Now we 
know tliat the latter gas contains just its 
own volume of hydrogen. 

2. Subcarburetted hydrogen. This gas is 
supposed to be procui*ed in a state of defi- 
nite composition, frtsm the mud of stagnant 
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poolfl or ditches. We have only to fill a 
wkic mouthed goblet witli water, and in- 
▼ertingr it in the ditch-water, stir the bot- 
tom with a stick. Gas rises into the goblet. 
The fire-damp of mines is a similar gas 
to that of ditches. There is in both cases 
an admixture of carbonic acid, which lime 
or potash-water will remove. A proportion 
of air is also present, the quantity of which 
can be ascertained by analysis. By igniting 
acetate of potash in a gun-barrel, an ana- 
logous species of gas is obtained. Accord- 
ing to M. Berlboltet, the sp. gr. of the car- 
buret ted hydrogen from ditch mud, exclu- 
■ive of the azote, is 0.5382. ' 



Subcarhuretted hydrogen' is destltule of 
colour, taste, and smell. It burns with a 
yellow flame, like that of a cuidle. When 
mixed with twice its volume of oxygen and 
exploded, we obtain exactly its own bulk 
of carbonic acid, while water is precipi- 
tated. We can hence infer the composition 
of subcarhuretted hydrogen. For of th€ two 
volumes of oxygen, one remains gaseous in 
the carbonic acid, and another is condens- 
ed with two volumes of hydrogen into wa- 
ter. 1 volume of vapour of carbon -f 2 vo- 
lumes of hydrogen, condensed into 1 vo- 
lume, . compose subcarhuretted hydrogen 
gas. Thus in numbers. 



1 volume of g^aseous carbon = 0.4166 0.75 ;= 1 prime 

2 .do. hydrogen = 0.1398 (0.125 X 2) = 0.25 = 2 primes 



0.5564 



1.00 



Here we see the specific gravity 0.5564, 
is very near the determination of Berthol- 
jkt. We also perceive the compound prime 
to be- 1.000, the same as oxygen. Berthol- 
let say^ that the carburetted hydrogen ob- 
tained by exposing olefiant gas to an intense 
heat contains 2 of hydrogen to 1 of carbon 
by weight. This proportion corresponds to 
12 primes of hydrogen = 1.5 

And 1 do. of carbon = 0.75 

As the gas of ditches and the choke- 
damp of mines are evidently derived from 
the action of water on decaying vegetable 
or carbonaceous matter, we can under- 
stand that a similar product will be obtain- 
ed by passing water over ignited charcoal^ 
or by heating moistened charcoal or vege- 
table matter in retorts. The gases are here, 
however, a somewhat complex mixture, as 
well as what we obtain by igniting pit-coal 
and wood in iron retorts. (See Coal Gas). 
The combustion of subcarhuretted hydro- 
gen with common air takes place only 
when they are mixed in certain propor- 
tions. If from 6 to 12 parts of air be mixed 
with 1 of carburetted hydrogen, we have 
explosive mixtures. Proportions heyond 
these limits will not explode. In like man- 
ner, from 1 to 2i of oxygen, must be mix- 
ed with 1 of the combustible gas, other- 
wise we have no explosion. Sir H. Davy 
says that this gas has a disagreeable em- 
pyreumatic smell, and that water absorbs 
l-30th of its volume of it.* 

Ca&ica Papaya. Papaw tree. Every 
part of the papaw tree, except the ripe 
fruit, affords a milky juice, which is used 
in the Isle of France as an effectual remedy 
for the tape-wonrt. In Europe, however, 
whither it has been sent in the concrete 
state, it has not answered. 

The most remarkable circumstance re- 
garding the papaw tree, is the extraction 
Srom itjt juice of a xpatter. e^9C\ly resem- 



bling the flesh or fibre of animals, and 
hence called vegetable /^riw; which see. 

Carmine. A red pigment prepared 
from cochineal. See Lake. 

*.Carnelian is a sub-species of calce- 
dony. Its colours are white, yellow, brown, 
and red. It has a conchoidal fracture and a 
specific gravity of 2.6. It is semi-transpa- 
rent, and has a glistening lustre. It consists 
of 94 silica, 3.5 alumina, and 0.75 oxide of 
iron. The finest specimens come from Cam- 
bay and Surat in India. It is found in the 
channels of torrents in Hindostan, in no- 
dules of a blackish olive, passing into g^ay. 
After exposure for some weeks to the 
sun, these are subjected to heat in earthen 
pots, whence proceed the lively colours 
for which they are valued in jewelry. It 
is softer than common calcedony.* 

* Cakomel. The smell eishaled by su- 
gar, at a calcining heat.* 

Carthamus, Safflower, or Bas- 
tard Saffron. In some of the deep red- 
dish, yellow, or orange-coloured flowers, 
the yellow matter seems to be of the same 
kind with that of the pure yellow flowers; 
but the red to be of a different kind from the 
pure red ones. Watery menstrua take up 
only the yellow, and leave the red, which 
may afterwayd be extracted by alcohol, or 
by a weak solution of alkali. Such particu- 
larly are the saflron-coloured flowers of car« 
thamus. These after the yellow matter has 
been extracted by water, are said to give 
a tincture to ley; from which, on standing 
at rest for some time, a deep red feciila 
subsides, called safilower, and from the 
countries whence it is commonly brought 
to us, Spanish red and China lake. Thts 
pigment impregnates alcohol with a beauti- 
ful red tincture; but communicates no co- 
lour to water. 

Rou^e is prepared from carthamttfi. 
For this purpose the red colour is extract- 
ed by a solution of the suhcarbonate of 
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aodn^and precipitftted by lemon juice, pre- 
viously depurated by standinff. Tbis pre- 
cipitate is ^Iricd on earthen' plates, mixed 
with talc, or French chalk, reduced to a 
powder by means of the leaves of shave- 
grass, triturated with it till they are both 
▼ei*y fine, and then si Red. The 'fineness of 
the powder and proportion of the precipi- 
tate constitute the difference between the 
finer, and cheaper rouge. It is likewise 
spread very thin on saucers, and sold in 
this state for dyeing. 

Carthamns is used for dyeing silk.of a 
poppy, cherry, rose, or bright orange red. 
After the yellow matter is extracted as 
above, and thee akes opened, it is put in- 
to a deal trough, and sprinkled at different 
times with pearl ashes, or rather soddTwell 
powdered and sifted^ in the proportion of 
six pounds to a hundred, mixing the al- 
kali well as it is put in- The alkali should 
be saturated with carbonic acid. The 
carthamus is then put on a cloth in a 
trough with a grated bottom, placed on a 
larger trough, and cold water poured on, 
till the large trough is filled. And this is 
repeated, with the addition of a little more 
alkali toward the end, till the carthamus is 
exhausted and becomes yellow. Lemon 
juice is then poured into the bath, till it is 
turned of a fine cherry colour, and after it 
is well stirred the silk is immersed in it 
The silk is wrung, drained, and passed 
through fresh baths, washing and drying 
after every operation, till it is of a proper 
colour; when it is brightened in hot water 
and lemon juice. For a poppy or fire colour 
a slight annotta ground is first given; but 
the silk sl>ould not be alumed. For a pale 
carnation a little soap should be put into 
the bath. AU these baths must be used as 
soon as they are made; and cold, because 
heat destroys the colour of the red feculac. 

* Cartilage.. An elastic, semi-transpa- 
rent, animal solid, which remains of the 
shape, and one-third the weight of the 
bones, when the calcareous salts are re- 
moved by digestion in dilute muriatic acid. 
It resembles coagulated albumen. Nitric 
acid converts it into gelatin. With alkalis 
it forms an animal soap. Cartilage is the 
primitive paste, into which the c:dcareous 
Baits are deposited in the young animal. 
In the disease rickets, the earthy matter is 
withdrawn by morbid absorption, and the 
bones return into the state nearly of flexi- 
ble cartilage. Hence arise the distortions 
characteristic of this disease.^ 

Case-Harbening. Steel when harden- 
ed is brittle, and iron alone is not capable 
of receiving the hardness steel may be 
fcrought to possess. There is nevertheless 
a variety of articles in which it is desirable 
to possess all the hardness of steel, to- 
gether with the toughness of iron. These 
requisites are united in the art of case- 



hardening, which docs not dxjBfer finom the 
making of steel, except in the shorter du- 
ration of the process. Tools, utensils, or 
ornaments intended to be polished, are first 
manufactured in iron and nearly finished, 
after which they are put into an iron box, 
together with vegetable or animal coals in 
powder, and cemented for a certain time. 
This treatment converts the external part 
into a coating of steel, which is usually very 
thin, because the time allowed for the ce- 
mentation is much shorter than when the 
whole is intended to be made into steeL 
Immersion of the heated pieces into water 
hardens the surface, wl)ich is afterward 
polished by the usual methods. Moxon's 
Mechanic Exercises, p. 56, gives the fol- 
lowing receipt:--Cow's horn or hoof is to 
be baked or thoroughly dried and pulver- 
ized. To this add an equal quantity of bay 
salt: mix them with stale chamber-ley, or 
white wine vinegar: cover the iron with 
this mixture, and bed it .in the same in 
loam, or enclose it in an iron box: lay it 
then on the hearth of the forge to dry and 
Jiarden: then put it into, the fire, and blow 
till the lump have a blood-red heat, and no 
higher, lest the mixture be burned too 
much. Take the iron out, and immerse it 
in water to harden. 

* Caseic Acid. The name which Froust 

gave to a substance of an acid nature, which 
e extracted from cheese; and to which he 
ascribes many of the properties of this spe- 
cies of food.* 

* Cassava. An American plant, the^'o- 
tropha mant'Aa^, contains the nutritive starch 
cassava, curiously associated with a deadly 
poisonous juice. The roots oijatropka are 
squeezed in a bag^ The cassava remains in 
it; and the juice, which is used by the In- 
dians to poison their arrows, gradually lets 
fall some starch of an innocent and very 
nutritious quality. The whole solid matter 
is dried in smoke, ground, and made into 
bread.* 

• Cassius's purple precipitate. See Gold.* 
Castor. A soft grayish-yeUow or light 
brown substance, found in four bags in 
the inguinal region of the beaver. In a 
Warm air it grows by degrees hard and 
brittle, and of a dicker colour, especially 
when dried in chimneys, as is usually done. 
According to Bouillon La Grange, it con- 
sists of a mucilage, a bitter extract, a resin, 
an essential oil, in which it^ peculiar smell 
appears to reside, and a flaky crystalline 
matter, much resembling the adipocere of 
biliary calculi. 

Castor is regarded as a powerful anti- 
spasmodic. 

Catechu. A brown astringpent substance 
formerljr known by the naine of Je^tm 
earth. It is a dry extract, prepared from 
the wood of a species of sensitive plant, the 
ctt^chu. It is imported into this 
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country ftom Bombay and Bengal. Acoord- 
ingf to Sir H. Davy« who analyzed it, that 
from Bombay is of uniform texture, red- 
brown colour, and specific gravity 1.39: 
that irom Bengal is more friable and less 
consistent, of a chocolate colour externally, 
but internally chocolate, streaked with red- 
brown, and specific gravity 1.28. The cate- 
chu firom either pkce differs little in its 
properties. Its taste is astringent, leaving 
behind a sensation of sweetness. It is al- 
most wholly soluble in water. 

Two hundred grains of picked catechu 
from Bombay afforded 109 grains of tan- 
nin, 68 extractive matter, IS mucilage, 10 
residuum, chiefly sand and calcareous 
earth. The same quantity from Bengal: 
tannin 97 grains, extractive matter 73, mu- 
cilage 16, residual matter^ being sand, with 
a small quantity -of calcareous and alumi- 
nous earths, 14. Of the latter the darkest 
parts appeared to afford most tannin, the 
lightest most extractive matter. The Hin- 
doos prefer the lightest coloured, which 
has probably most sweetness, to chew with 
tlie betel-nut. 

Of all the astringent substances we know, 
catechu appears to contain the largest pro- 
portion of tannin^ and Mr. Purkis found, 
that one pound was equivalent to seven or 
eight of oak bark for the purpose of tan- 
ning leather. 

As a medicine it has been recommended 
as a powerful astringent, and a tincture of 
it is used for this purpose, but its aqueous 
solution is.less irritating. Made into troches 
with gum arable aid sugar, it is an elegant 
]M«paratton, and in this way is said much to 
assist the clearness of the voice, and to be 
remarkaUy serviceable in disoiders of the 
throat. 

* Cat's firs. A minexal of a beautiful 
appearance, 'brought from Cevlon. 

Its colours are gray, green, brown, red, of 
various shades. Its internal lustre is shining;', 
its fracture imperfectly conchoidal, and it is 
translucent From a peculiar play of light, 
arising from white fibres intenmersed, it nas 
deriv^ its name. Hie French call the ap- 
pearance ehaioyami. It scratches quartz, is 
easily broken, and resists the blow-pipe.'*— 
Its sp. gr. is 2.6ifr. Its constituents are, ac- 
cordmg to Klaproth, 95 silica, 1.75 alumins, 
1.5 lime, and 0.25 oxide of iron. It is va- 
lued tor setting as a precious stone.* 

Caustic (Lusab.) Fused nitrate of sil- 
ver. See SiiTXR. 

Caitstigitt.. All substances which have 
so strong a tendency to combine with the 
principles of organized substances, as to de- 
stroy the'u* texture, are said to be caustic. 
The chief of these are the concentrated 
acids, pure alkalis, and the metalic salts. 

* Cactsbt Potxh « ial. Cacstic* 
Cawk. a term by wkich iSie Bstnexf 4is- 
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tinguish the opaque spedmens of sulphate 

of baiytes. ' ' " 

"CELssTim. Native sulphate of stron- 
tites. This mineral is so named from its oc- 
casional delicate blue colour; though it is 
frequently found of other shades, as white,* 
grayish and yellowish-white, arid red. It 
occurs both massive and crystallized. Some- 
times also in fibrous and stellated forms. — 
According to Hauy,.the primitive form is si. 
ri^ht rhomboidsl prism, ofl04*» 48' and 75^ 
12 . The reflecting goniometer makes these 
sngloB 104® and 76^. The varieties of its 
crystals may be referred to four or six-sided 
prisms, terminated by two, four, or eight- 
sided summits. It has a shining lustre, and 
is either transparent, translucent, or opaque^ 
It scratches calcareous spar, but Is scratched 
by fluor. It is very brittle. Jts sp. gr. is 3.6. 
Before the blow-pipe it fuses into a white, 
opaque, and friable enamel. 

The three subspecies are, IsL The com- 
pact found in Montmartre near Paris, of a 
yellowish-gray colour, in rounded pieces, of 
a dull lustre, opaque, and consisting, by 
Vauquelin's analysis, ^f 91.42 sulphate of 
strontites, 8.33 carbonate of lime, and 0.25 
oxide of iron. 2d, The fibrous, whose co- 
lours are indigo-blue and bluish-gray; some- 
times white. It occurs , both massive and 
crystals zed. Shining and somewhat pearly, 
lustre. It is translucent. Sp. grav. 8.83: 
3d,^ The foliated, of a milk-white colouf, 
falling into blue. Massive and in grouped 
crystals, of a shining lustre and straight fo- 
liated ttxture. Translucent. Celestine oc- 
curs most abundantly near Bristol in the red 
marl formation; and crystallized in red sand- 
stone, at Inverness in Scotland. 

Mr. Gruner Ober Bere of Qanover has ' 
lately favoured the world with an analysis 
of a crystallized celestine, found in the 
neigbourhood of that city, of rather pecu- 
liar composition. Its sp. gr. is only 3.59, and 
yet it contidns a large proportion of sulphate 
of baiy tes: 

Sulphate of strontites, f 3.000 

Sulphate of bary tes, 26.166 . 

Ferri^lnous clay, 0.213 . 

Loss, 0.621 

100.000 
Had the result been 75 of sulphate of stron- 
ties -|- 25 sulphate of barytes, we should 
have considered the mineral as a compouiMi 
of 4 primes of the first salt -|- 1 of the scr 
cond. Now the analysis, in my opinion, can- 
noL be confided in, within these limits; for 
the mingled uMiriates of the earths were se- 
parated by digestion in 16 times their weight 
of boiling alcohol, of a strength not named. 
Besides, the previous perfect conversion of 
the sulphates into carbonates, by merely fu- 
sing the mineral with thrice its weight of 
carbonate of potash, is, to say the leas£| 
prol^lematicsl 9r. Th%VBa»n ae^pt$ 19' 
S5 
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#bef Berg't tnalyiis to 7 atomi oTgalpliate 
of strontian, and 3 atoms of sulphate of ba- 
lytes.* 

Cbhibnt^ Whatever is employed to unite 
or cement toKcther things of &e same or 
diiTerent kincu, may be called a cemcni. In 
this sehse it includes lutbii, eiuxs and hol- 
]>£R8 of every kind, which see; but it is more 
commonly employed to signify those of 
Ivhich the basis is an earth or earthy salt 
Bee Limb. We shall here enumerate, 
chiefly from the Philosophical Bfagazine, 
•ome cements that are used for particular 
purposes 

Seven or eight parts of resin, and one of 
lirax, melted together, and mixed with a small 
quantity of pu^er of Paris, is a very good 
cement to unite pieces of Derbyshire spar, 
or other stone. The stone should be nuide 
hot enough to melt the cement, and the 
pieces should be pressed together as close- 
ly as possible, so as to leave as little as may 
be of th« cement between them. This is a 

Sneral rule in cementing, as the thinner 
e stratum of cement interposed, the firm- 
er it will hold. • 

Melted brimstone used in the nme way 
will answer sufficiently well, if the joining 
be not required to be very strong. 

it sometimes happens, that jewellers, in 
setting precious stones, break off pieces by 
apcident; in this case they join them so that 
ft cannot eauly be seen, with gum mastic, 
the stone being previously made hot enough 
to melt it. By the same medium cameos of 
white enamel or coloured glass are often 
joined to a real stone as a ground, to pro- 
duce the appearance of an onyx. Mastic is 
likewise used to cement false backs or doub- 
lets to stones, to alter their hue. 

The jewellers in Turkey, who are gene- 
rally Armenians, ornament watch-cases and 
Other trinkets with gems, by glueing them 
on. The stone is set in silver or gold, and 
the back of the setting made flat to corres- 
pond with the part to which it is to be ap- 
plied. It is then fixed on with the follow- 
ing cement. Isinglass, soaked in water till 
it swells up and becomes sof^ is dissolved in 
French brandy, or in rum, so as to form a 
strong glue. Two snaall bits of gum gal- 
banum, or gum ammoniacum, are dissolved 
in two ounces of this by trituration; and five 
or six bits of mastic, as big as peas, being 
dissolved in as much alcohol as will render 
them fluid, are to be mixed with tliis by 
Bieans of a gentle heat. This cement is to 
be kept in a phial closely stopped; and when 
used, it is to be liquefied by immersing the 
phial in )M>t water. This cement resists mois- 
ture. 

A solution of shell lac in alcohol, added to 
• solution of isinglass in proof spirit, makes 
•nother cement that will resist moisture. 

So does common glue melted without wa- 
tte* Vith half its weight of resin* with the 



addition of aCttle red ochre to give it m bo^ 
dy. This is particularly useful for cement- 
ing hones to their frames. 

If clay and oxide of iron be mixed with 
oil, according to Mr: Gad of Stockholm* 
thev will form a cement that will harden 
under water. 

A strong cement, insoluble in water, may 
be made from cheese. The cheese ^ould 
be that of skimmed milk, cut into slices^ 
throwing away the rind* and b(»led till it 
becomes a strong glue, which however do^ 
not dissolve in the water. This water being 
poured off, it is to be washed io cold water, 
and then kneaded in warm water. This pro- 
cess is to be repeated several times. l1ie 
glue is then to be put warm on a levigating 
stone, and kneaded with quicklime. This 
cement may be used co)d, but it is better to 
warm it; and it will join marble, stone, or 
earthen-ware, so that the joining is scarcely 
to be discovered. 

Boiled linseed oil, litharge* red lead* and 
white lead, mixed together to a proper con- 
sistence, and applied on each side of a piece 
of flannel, or even linen or paper, ana put 
between two piecesof metal before they are 
brought home, or close together, will make 
a close and durable joint, that will resist 
boiiing water, or even a considerable pres- 
sure of steam. The proportions of the in- 
gredients are not material, but the more 
the red lead predominates, the sooner the 
cement will dry, and the more the white 
lead the contraiy. This cement answers well 
lor joiniufi^ stones of any dimensions. 

The following 1s an excellent cement for 
iron, as in time it unites with it into one 
mass. Take two ounces of muriate of am- 
monia, one of flowers of sulphur, and 16 of 
cast-iron filings or borings. Mix them well 
in a mortar, and keep the powder dry. 
Wlien the cement is wanted for use, take 
one part of this mixture, twenty parts of 
clear iron borings or filings, grind them to- 
gether in a mortar, mix them with water to 
a proper consistence* and apply them be- 
tween the joints. 

Powdered quicklime mixed with buUock'a 
blood is often used by coppersmiths to lay 
over the rivets and edges of the sheets of 
copper in large boilers, as a security to the 
lunctures, and also to prevent cocks from 
leaking^ 

Six parts of clay, one of iron filings* and 
linseed oil sufiicient to form a thick paste* 
make a good cement for stopping cracks in 
iron boilers. 

Temporary cements are wanted in cutting* 
grinding, or polishing optical glasses, stones^ 
and various small articlesof jewt- lleiy* which 
it is necessar)' to fix on blocks, or bandies* 
for the purpose* Four ounces of resin, a 
quarter of on ounce of wax, and four ounces 
of whiting nuide previously red-hot, form a 
good cemment of this Jdadi as any of the 
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jkbove articW nay be fastened to it by heat- 
iii^ them, and removed at pleasure in the 
same manner, thou^ they adhere ver)' firm- 
ly to it when cold. Pitch, resin, and a small 
jouanthy of tallow, thickened with brick- 
duat, is much used at Birming^ham for these 
purposes. Four parts of resin, one of bees 
wax« and one of brick dust, likewise make a 
good cement This answers extremely well 
for fixing knives and forks in their hafts; 
but the manufacturers of cheap articles of 
this .kind too commonly use resin and brick- 
dust alone. On some occasions, in which a 
veiy tough cement ia requisite, that will not 
crack though exposed to repeated blows; 
as in fastemng to a block metallic articles 
that are to be cut with a hamm«r and punch, 
workmen usually mix some tow with the 
eement, the fibres of which hold its parts 
together. 

*Mr. Singer recommends the following 
composition as a good cement for eleciriciu 
apparatus; Five pounds of resin, one of bees 
wax, one of red ochi^, and two table spoon- 
fuls of piaster of Paris, all melted together. 
A cheaper one for cementing voltiuc plates 
into wooden troughs is made with six 
pounds of resin, one pound of red ochre, 
Jialf a pound of plaster of Paris, and a quar- 
ter of a pint of hnseed oil. The ochre and 
plaster of Paris should be well dried, and 
added to the ottier ingredients, in a melted 
«tote.*t 
* Cbmsht, for buildings. See Moatae Gs- 

f Tlie meal of oil cake, or the residuum of 
flaxseed, after the expression of the oil, is a 
good lute; and when mixed with clay will 
enable it to bear very high temperatures 
without cracking, it acts, no doubt, in that 
case, by creating pores in consequence of its 
oarbonistation. 

Calcined gypsum, or sulphate of lime, when 
powdered ana made, into a paste with water, 
sets in a few minutes. It is more cleanly for 
electrical apparatus, and more essily applied 
than the cements above recommended. 

Shell lac, in sticks, has been imposed up- 
•n the public, in Philadelphia, as a new ce- 
ment or a peculiarly costly kind; and as much 
has been demanded for a stick, weighing a 
few penny weights, as would buy a pound. 

Applied to potters' ware, or glass heated 
sbove the temperature of boiling water, it is 
an excellent cement 

The application is much facilitated, by dis- 
solving the lac in its weight of rery strong 
boiling alcohol, so as to make a thick paste. 
This being smeared over the edees of the 
fractured pieces, they must be bound to- 
gether and subjected to the rays of a fire, 
till water will boil when dropped en them. 
When a crack is to be mendra, more spirit 
must be used, so that the solution may be 
fliui enough to run la. 



CsvsiTTATTON. A chemical pToce^, wbidk 
consists in surrounding a body in the solid 
state with the powder of some other bodiesy 
and exposing tne whole for a time in a clos- 
ed vessel, to a- degree of heat not sufficient 
to fuse the contents. Thus iron is con- 
verted into steel by cementation with char- 
coal; green bottle glass is converted into 
porcebiin by cementation with sand &e. 
See Iiio3r and Poscxlaiit. 

•Cbrasiit. The name given by Dr. Joha 
of Berlin to those gummy substances which 
swell in cold water, but do not readily dis*- 
solve in it. Cerasin is soluble in boiling water, 
but separates in a jelly when the water cools. 
Water acidulated with sulphuric, nitric, oc 
muriatic add, by the aid of. a gentle hea^ 
ibrms a permanent solution of cerasin. Gum 
tragacanth is the best example of this spe- 
cies of vegetable product.* 

^CsKATE. The compound of oil or lard 
with bees wax, used by surgeons to screen 
ulcerated surfaces from the air.* 

^CsRiir. A. peculiar substance which pre- 
cipitates, on evaporation, fivm alcohol, wnicli 
ha3 been digested on g^ted cork, Suber- 
cerin would have been a fitter name. Chev- 
reul, the discoverer, describes this substance 
as consisting of small white needles^ whidk 
sink and merely soften in boiling water. 
1000 parte of boiling aki^ol dissolve 2.42 of 
cerin, and only 2 of wax. Nitric acid con- 
verts it into oxalic acid It is insoluble in an 
alcoholic solution of potash.* 
. *CBBiir. The name given b^ Dr. ^ John 
to the part of conunon wax which dissolves 
in alcohol.* 

*CsBi2r. A variety of the mineral tdlan* 
iUf lately examined by Berzelius. . It con- 
siste of oxide of cerium 2ft. 19, oxide of iron 
20.72, oxide of copper 0.8r, silica 30.17, 
alumina 1 l.Sl, lime 9.12, volatile water 0.40*. 

*Gkbitb. The siliciferous oxide of ce- 
rium. This rare mineral is of a rose-red or 
flesh-red colour, occasionaUy tinged with 
clove-brown. Its powder is reddish-gray. 
It is found massive and disseminated. In- 
ternal lustre resinous, but scarcely glim- 
mering. Its fracture is fine splintery, with in- 
determinate fragments. It is opaque, scratch- 
es glass, gives sparks with steeC '^ difficult 
to break, scarcely yields to the knife, and 

fives a grayish-white streak. It is infiudble 
efore the blow-pipe; but heat changes the 
gray colour of the powder to yellow. It con- 
sists, by Hisingers analysis, of 18 alica» 
68.59 oxide of cerium, 2 oxide of iron, 1.25 
hme, 9.6 water and carbonic acid, and 0.56 
loss, in 100 parts. Klaproth found 54.5 oxide 
of cerium, and 34.5 silica, in the hundred 
parts. It is found only in the copper mine 
of BastoiaeA near Riddarhytta in Sweden^ 
accompanied by the ores^of copper, molyb- 
dena, and bijsmuth. Its sp. gr. m from 4»6 
to 4.9.* 
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*e'siitwM. The metal whose oxide exisU 
in the preceding minenl.* 

To obtain the oxide of the new metal, the 
cerite is calcined, pulverized, and dissolved 
in nitromuriatic acid. The filtered solution 
being- neutralized with pure potash, is to be 
precipitated by tartrate of potash, and the 
precipitate, well washed, and afterward cal- 
cifiecC is oxide of cerium. 

*The attempts to obtain the pure metal, 
by ignitinflr the oxide purified from iron by 
oxalic acid, in contact with tartaric acid, oil, 
and lampblack, have in a great measure 
failed. A white brittle carburet was only 
obtained* 

Cerium is susceptible of two stages of 
oxidation; in the first it is white, and this by 
calcination becomes of a fallow-red. 

The white oxide exposed to the blow- 
pipe soon becomes tei but does not melt, 
or even agglutinate. With a large proportion 
of borax it fuses into a transparent globule. 

The white oxide becomes yellowish in the 
open air, but never so red as by calcination, 
because it absorbs carbonic acid, which pre- 
vents its saturating itself with oxygen, and 
retains a portion of water, which diminishes 
its colour. 

Alkalis do not act on it; but caustic potash 
In the dry way takes part of tbe oxyj;en 
from the red oxide, so as to convert it mto 
the white without altering its nature, 

*The protoxide of cerium is composed 
by Hisinger of 85. 17 metal + 14.83 oxygen, 
and the peroxide of 79.3 metal + -0.7. The 
protoxide has been supposed a binair com- 
pound of cerium 5.75 + oxygen l,and the per- 
oxide a compound of 5.75 x ^ ^ cenum 
4> 3 oxygen. An alloy of this metal with 
iron was obtsuned by Vauquelin. 

The salts of cerium are white or yellow 
coloured, have a sweet taste, yield a white 
precipitate with hydrosulphuret of potash, 
but none with sulphuretted hydrogen; a 
milk-white precipitate, soluble in nitric and 
muriatic acids, with ferroprussiate of potash 
and oxalate of ammonia, none with imu«on 
of g^Is, and a white one with arseniate of 
potash.* 

Equal parts of the sulphuric acid and red 
cxide, with four parts of water, unite by the 
assistance of heat into a crystalline mas% 
which may be completely dissolved by add- 
ing more acid, and heating them together 
a long time. This solution yields, by gen- 
tle evaporation, small crystals, some of an 
orange, others of a lemon colour. The sul- 
phate of cerium is soluble in water only with 
an excess of acid. Its taste is acid and saccha- 
rine. The sulphuric acid combines readily 
with the white oxide, particulariy in tbe 
state of carbonate. I'be solution has a saccha- 
rine taste, and readily aflbrds white crystals. 

Nhric acid does -not readily dissolve the 
red oxide without heat. With an excess uf 
«cid, white deliquescent ttystais are fonned. 



which are decomposable by heat Their 
taste is at first pungent, afterwud very su- 
gatV. TTie white oxide unites more readily 
with the acid. 

Muriatic add dissolves the red oxide with 
effervescence. The solution ciystallizes con- 
fusedly. The salt is deliquescent, soluble 
-in an equal Weight of cohl water, and in 
three or four times its weight of alcohol. 
The flame of this solution, if concentrated, 
is yellow and sparkling; if not, colourless; 
but on agitation it emits white, red, and pur- 
ple sparks. 

Carbonic acid readily unites with the ox- 
ide. This is best done by adding carbo- 
nate of potash to the nitric and muriatic 
solution of the white oxide, when a light 
precipitate wiU be thrown down, which on 
drying assumes a shining silvery appear- 
ance, and consists of 23 acid + 65 oxide + 
13 water. 

The white oxide unites directly with tar- 
taric acid, but requires an excess to render 
it soluble. 

'CsBCMXv of the car. ' It is a yellow co- 
loured secretion, wbich lines the external 
auditory canal, rendered idscid and concrete 
by exposure to air. It has a bitter taste, 
melts at a low heat, and evolves a slightly 
aromatic odour. On ignited coals, it gives 
out a white smoke, similar to tiiat of burn- 
ing fiit, swells, emits a fetid ammoniacai 
odour, and is converted into a light coal. 

Ateohc^ dissolves T of it, and on evapora- 
tion leaves a substance resembling the resin 
of bile. The g which remjuned are albumen 

mixed srith oil, which by incineration leave 
soda and phosphate of lime. Hence, the 
whole constituents are five; albumen^ an in- 
spissated oil, a colouring matter, soda, and 
odcareous phosphate.* 

CxBVss, or Whitx Lbab. See Lxab. 

*CsTiira. The name |^ven by Chevreul 
to spermaceti. According to Berard, who 
analyzed it on M. Gay-Lussac's plan, by pass- 
ing its vapour through ignited peroxide of 
copper, cetint condsts of 81 carbon, 6 oxy- 
gen, aud 13 hydrogen, in 100 parts.* 

* Cs Ti^KZTs. This mineral, the pleonaste 
of HaUy, comes from Ceylon, commonly in 
rounded pieces, but occasioiudly in crystals. 
The primitive form of its crystals is a regu- 
lar octahedron, in which form, or with the 
edges truncated, it frequently occurs. Its 
colour is indigo4>lue, passing into black, 
wliich on minute inspection appears green- 
jsh. It has a rough surface, with litUe exter- 
nal lustre, but splendent internally. The 
fracture is perfect flat conchcHdal, with very 
sUarp-edged/ragments. It scarcely scratches 
quartz, and is softer than spinell. It is easily 
broken, has a sp. gr. of 3. 77 f and is infiisi- 
ble by the blow-pipe.* 

* CiuBJjiTJK. Tlup mineral occurs in ciys- 
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fals, whoM ;priimtiTe fonn is nearly a cube, 
since the angle at the sumnut is only 93J. • 
It is found in that fonn, and also with 6 of 
its edges truncated, and the trun9ature8 
united 3 and 3 at the two opposite angles, 
while the other m angles are truncated. 
It occurs also in double six-sided pyramids, 
applied base to base, having tlie six angles 
at the base, and the three acute edges of 
each pyramid truncated. It is white, or 
with a tinge of rose colour, and sotnetimes 
transparent It scratches glass, fuses by the 
blow-pipe into a white spongy mass, and has 
a sp. gr. of 3. 72. Its constituents are 43.33 
silica, 22.66 alumina, 3.34 lime, 9.34 soda 
and potash, water 21« It is found in scatter- 
ed crystals in the fissures of so^e trap rpcks, 
and in the hoUows of certain geodes, dissemi- 
nated in the same rocks. It occurs in the 
quarry of Alteberg near Oberstein.* 

Chaul. a very common species of cal- 
eareouB earth, of an opaque white colour, 
very soft, and without the least ^pearance 
of a polish in its fracture. Its specmc gravity 
is from 2.4 to 2(6, according to Kirwan. It 
contains a little siliceous earth, and about 
two per cent of clay. Some specimens, and 
perhaps most, contain a little iron, and Berg- 
roann affirms that muriate of lime, or magne- 
sia, is often found in it; for which reason he 
directs the powder of chalk to be several 
times boiled in distilled water,, before it is 
dissolved for the purpose of obtainiog pure 
ealcareous earth. 

* Chalk (Black). Drawing^ slate. The 
colour of this mineral is grayish or bluish- 
black. Massive. The principal fracture is 
glimmering and slaty, the cross fracture dull, 
and line earthy. It is in opaque, tabular 
fragments, stains paper black, streak glisten- 
ing, and the same colour as the surface; 
easily cut and broken; sp. gr. 2.4; becomes 
red m the firfe, and falls to pieces in water. 
It occurs in primitive mountains, often ac- 
oompanied by idum slate. It is used in cray- 
on drawing, whence its name.* 

^BALK Stokss. Gouty concretions whose 
true nature was first discovert by Dr. Wol- 
laston, and described by him in his admira- 
ble dissertation on urinary calculi, published 
in the Phil. Trans, for 1797. See Goutt 
CoircKBTioirs.* 

Chalk (IUd). This is a clay coloured by 
the oxide of iron, of which it contains from 
16 to 18 parts in the hundred, according to 
mnman. 

Chalk ([Spastish). The soap rock is fre- 
quently distinguished by this name. 

Chahactsbs (Chsuical). The chemical 
characters were invented by the earUer che- 
mists, probably with no other view than to 
save time in writing the names of substances 
that frequently occurred, in the same man- 
ner as we avoid repetitions by the use of 
pronoans^ But the nodems seeio to hare 



oofisideted them as relics of alchemistical 
obscurity, and have almost totally rejected 
their use. Very little of system appears in 
the ancient characters of chemists: the char* 
acters of Bergmann are chiefly grounded on 
the ancient characters, with additions and 
improvements. But the characters of Has* 
senfratz and Adet are systematical through, 
out. The former are exhibited in Plate III. 
and the latter in Plate IV. 

Chabcoal. When vegetable substances 
are exposed. to a strong heat in the appara- 
tus for distillation, the fixed residue is called 
charcoal For general purposes, wood is con- 
verted into charcoal by building it up in a 
pyramidal form, covering the pde with clay 
or earthy and leaving a few air-holes, which 
are closed as soon as the mass is well light- 
ed; and by this means the combustion is ear* 
ried on in an imperfect manner. In the fo* 
rest of Benon, near Roohelle, great attention 
is paid to the manufacture, so that ^e char- 
coal made there fetches 25 or 30 per cent 
more than any other. The wood is that of 
the black oak. It is taken from ten to fif- 
teen years old, the trunk as well as the 
branches cut into billets about four feet long, 
and not split The largest pieces, however, 
seldom exceed six or seven inches in dia- 
meter. The end that rests on the g^nnd 
is cut a little siting, so as to touch it mere- 
ly with an edge, and they are piled nearly 
upright, but never in more than one story. 
The wood is covered all over about four in- 
ches thick with dry grass or fern, before it 
is enclosed in the usual manner with clay; 
and when the wood is charred, half a barrel 
of water is thrown over the pile, and earth 
to the thickness of five or six inches is 
thrown on, after which it is left four-and- 
. twenty hours to cool. The wood is idways 
used in the year in which it is cut. 

In charring wood it has been conjectured, 
tliat a portion of it is sometimes converted 
into a pyrophorua, and that the explosions 
that happen in powder-mills are sometimes 
owing to this. 

• Charcoal is made on the gfreat scale, by 
igniting wood in iron cylinders, as I have 
described under Acxtic Acid. When the 
resulting charcoal is to be used in the ma- 
nufacture of gunpowder, it is essential that 
the last portion of vinegar and tar be suffer- 
ed to escape, and that the reabsorption of 
the crude vapours be prevented, by cutting 
off the communication between the interior 
of the cyUnders and the apparatus for con- 
densing the pyrolignousacid» whenever the 
fire is withdrawn from the furnace. If thjs 
precaution be not observed, the gunpowder 
made with the charcoal would be of inferior 
quality. 

In the third volume of Tilloch's Bfagazine, 
we have some valuable facts on charcoal, by 
Mr. Mushet. He justly observes, that the 
produce «f charcoal in the small vray, difim' 
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fh»«. iltftf «K ¥^ Inwe Acale. in whicb the absolute quMtit^ of carbon it contains* T1i« 

^^'^"^^rd^T^^^ the following hilfable of results, reduced tj 

fiardne^ and compactness of the texture of 100 parts, from expenraents on one pound 

wood, and the skill of the workman in ma- avoiiduiwis of wood, 
jttging the pymnud of &ggot8» than on the 



Oak. 

Ash, 
• BiTchy 
Korway Pine, 

Hahofpiny* 
Sycamore, 

HoUy, 

Scotch Fine^ 

Beech, 

£lm. 

Walnut, 

American Mapl^ 

Do. Black Beech, 
Labutnum, 

lignum Vitc^ 
SaUew, 

Chesnut, 



VolaUle 

Matter. 

76.895 

81260 

80.717 

80.441 

73.528 
79.20 



Parti m. 100. 
Charcoal Ashe«. 



22.682 
17.973 
17 491 
19.204 

25.492 
19.734 



0.423 
0.768 
1.792 
0.355 

0.980 

1.066 



Charcoal by 
Proust, fiumford.' 
20. 43.00 

17. 



78.92 19.918 1.163 



83.095 
79.104 
79.655 
78.521 
79.331 

77.512 

74.234 

72 643 

80.371 



16.456 
19941 
19.574 
20 663 
19.901 

21.445 
24 5»6 

26.857 
18.497 



0.449 
0.955 
0.761 
0.815 
0.768 

1.033 
1.180 

0.500 
1.139 



20. 
Black Aah. 

25. 

'willow. 

17. 

Heart i£Oak, 

19. 



44.18 



'^ 



76.304 23.280_ 0.416 



43^ 
42.23 



Pophr. 
43Ji7 

lime. 
43.59 



MM. Clement and Desormet say, Airt wood 
aflFbrds one-half its weight of charcoal. I con- 
sider the statements of Mr. Muahet and M. 
Proust, much more correct. Thty coincide 
with the experiments to which I have refer- 
red in treating of the extraction of vinegar 
ftom wood. (See Acvnc Acid.) M. Proust 
says, that good pit-coals afford 70, 75, or 80 
per cent of charcoal or coak; from which 
only two or three parts In the hundred of 
ashes lemain after combustion. Tillaeh*s 
4f«g. vol viii.'* 

Charcoal is black, sonorous, and brittle, 
«nd in general retains the figure of the ve- 
getable it was obtained from. If, however, 
the vegetable consist for the most pUrt oJF 
water or other fluids, these in their extrica- 
tion ^U destroy the connexion of the more 
fixed parts. In this case the quantity of 
sharcoal is much less than in the former. 
''The ehareo^ of oily or bituminous sub- 
stances is of a light pulverulent form^ and 
rises in soot. This charcoal of oils is called 
lampblack. A very fine kind is obtained 
from burning alcohol. ' 

Turf or peat has been charred lately in 
Vrance, it is sud by a peculiar process, and, 
socorcUng to the account given in Sonnini*s 
Journal, is superior to wood for this purpose. 
Charcoal of turf kindles slower than that of 
woods but emits more flame, and bums long- 
er. inagQUtnu^'sfumaoeitfasedeleTOi 



ounces of gold in ei^t mmutes* while wood 
charcoal required sixteen. The miUkabihty 
of the goH, too, was preserved in the form- 
er instance, but not in the latter. Iron heat- 
ed red-hot by it in a forge, was rendered 
more malleable. ,. ... 

Trom the scarcity of wood m this country, 
pit-coal charred, is much used instead of char- 
coal by the name of COak. See Cabboh. 

Chat, or T^hata-Root. This is the root 
of the (Hdenlmdia wnbeUaia, which grows 
wild on the coast of Cororoandel, and is 
likewise cultivated there fw the u^ of the 
dyera and calico printers. It is used lor the 
same purposes as madder with us, to which 
it is said to be fer superior, giving the beau- 
tifiil red so much admired in the Madras cot- 
tons. -, . 

Cheesb. Milk consists of butter, cheese, 
a saccharine matter called siigarof milk, and 
a small quantity of common ialt, together 
with much water. , . j u 

If any vegetable or mineral acid t>e mix- 
ed with milk, the cheese separates, and, if 
assisted by beat, coagulates into a mass. 
The quantity of cheese is less when a mine- 
ral acid is used. Neutral salts, and hkewiae 
all earthy and metallic salts, separate the 
ch e from the whey. Sugar and gum ara- 
bic produce the same effect. Caustic alka- 
lis will ^ssolve the curd by the asssiancc 
of a boiling heat, sad sods sccmoii^ pre- 



CHE 



€HL 



«pitatton fttam. Vegetable acMi tiave ve- 
ry little solvent power upon card. This ac- 
eoiints for a greater quantity of curd be- 
ing obtained when a vegetable acid is used. 
But what answers best is rennet, ^\hich is 
made by macerating in water a piece of the 
last stomach of a adf, salted and dried for 
this purpose. 

Scheele observed, that cheese has a const- 
derabfe analogy to albumen, which it resero-, 
bles in being coagiilable by fire and acids, 
soluble in ammonia, and affording the same 
products by distillation or treatment with 
nitric acid. There are, however, certain dif- 
ferences between them. RoueUe observed 
likewise, a striking analogy betti^-en cheese 
and the gluten of wheat, and that foun^l in 
the feculac of green vegetables. By knead- 
ing the gluten of wheat v^'ith a little salt and 
a small portion of a solution of starch, he 
gave it the taste, smell, and unctuosity of 
cheese, so that after it had been kept a Cer- 
tain time, it was not to be distinguished from 
the celebrated Rochefort cheese, of which it 
had all the pungency. This caseous substance 
from gluten, as well as the cheese of milk, 
appears to contain acetate of ammonia, after 
it has been kept long enough to have under- 
gone the requisite fermentation, as may be 
proved by examining it with sulphuric acid, 
and with potash. The pungency of strong 
ebeese, too, is destroyed by alcohol. 

♦In ^e 11th volume of Tilloch's Magazine . 
there is an excellent account of the mode of 
making Cheshire cheese, taken from the 
A^cultural Report of the county. *' If the 
milk,*' says the reporter, *• be set together 
very warm, the curd, as before observed, will 
be firm; in this case, the usual mode is to 
take a common case-knife, and make inci- 
sions across it, to the full depth of the knife's 
blade, at tlie distance of about one inch; and 
again crossways in the same manner, the in- 
cisions intersecting each other at right an- 
gles. The whey rising through these inci- 
sions is of a fine pale-green colour. The 
cheese-maker and two assistants then pro- 
ceed to break the curd; this is performed 
by their repeatedly putting their hands down 
into the tub; the cheese-maker, with the 
skimming dish in one hand, breaking every 
part of it as they catch it, raising the curd 
from the bottom, and still breaking it. This 
part of the business is continued till the whole 
IS broken uniformly small; it generally takes 
up about 40 minutes, and the curd is then 
left covered over mth a cloth'for about half 
an hour to subside, if the milk has been 
set cool together, the curd, as before men- 
tioned. Will be much more tender, the whey 
will not be so green, but rather of a milky 
appearance.'* The above account of cheese- 
making is evidently at variance with that 
fi^ven by Dr. Tliomson in the 4th volume of 
Sis system*^ 

* CflfiXttTAT may be defiiiid^ tbe dci^iqe 



which investigates the compoftttbn of mate- 
rial substances, and the permanent change 
of constitution which their mutual actioni 
pr<Kiuce.* 

♦ CHKHOPoniirM Omdum. A plant remark- 
able, according to MM. Chevalier and Las- 
sei^ne, for containing nncombined ammonia, 
which is probably the vehicle of the remark- 
ably nauseous odour which it exhales, strong- 
ly resembling that of putrid fish. \Vhen the 
plant is bruised with water, and the liquor 
expressed and afterwards distilled, we pro- 
cure a fluid which contains the subcarbonate 
of ammonia, and an oily matter, which gives 
the fluid a milky appearance. If the ex- 
pressed juice of the chenopodium be evapo- 
rated to the consistence of an extract, it it 
found to be alkaline; there seems to be ace- 
tic acid in it its basis is said to be of an al- 
buminous nature. It is stated also to contain 
a small quantity of the substance which the 
French call osmazome, a little of an aroma- 
tic resin, and a bitter matter, soluble both in 
alcohol and water, as well as several saline 
bodies. The following is stated as the re- 
sult of their analysis, which, however, seems 
somewhat complex: 1. Subcarbonate of am- 
monia, 2. Albumen, 3. Osmazone, 4. An aro- 
matic resin, 5. A bitter nv»tter, 6. Nitrate 
of potash in large quantity, 7. Acetate and 
phosphate of potash, 8. Tartrate of pot- 
ash. It is said that 100 parts of the dried 
plant produce 18 of ashes, of which Si are 
potash.* 

• Cheet. See HoairsToirB.* 

* Chiastolite. a mineral crystallized in 
four-sided, nearly rectangular prisms. On 
looking into the end of the prism, we per- 
ceive in the axis of it a blackish prism, sur- 
rounded by the other, which is of a grayish* 
yellowish, or Teddish-white colour. From 
each angle of the interior prisms, a blackish 
line extends to the corresponding angle of 
the exterior. In each of these outer angles 
there is usually a small rhomboidal space, 
filled with the same dark substance which 
composes the central prism. The black 
matter is the same clay-slate with the rock 
in which the chiastolite is imbedded. Frac- 
ture, foliated with double cleavage. Trans, 
lucent. Scratches glaas^ Rubbed on seal- 
ing-wax, it imparts negative electricity. Its 
sp. gr. is 2.94. Before the blow-^pi^ it is 
convertible into a whitish enamel. The on. 
ly mineral with which chiastolite or made 
can be confounded, were it not crystallized* 
is steatite; but the latter communicates posi- 
tive electricity to sealing-wax. It has been 
found in Britanny, in the Pyrenees, in the 
valley of Barege, and in Galicia in Spain, 
near St. James of Compostella. The inte- 
rior black crystal is properly an elongated 
four-sided pyramid.* 

* Cblor^tss. Compounds of chloric acid 
with the saliiable iNwes. See Cslouc 
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y^ Cnnrnic Aein. See Aeti> (Cumdc).* 

*CaiA>RiDU. Compounds of chloiine with 
combustible bodies. ^}ee CiiLomuix and the 
lespective substances.* 

*CHLoxiinBk The introduction of this 
term, marks an eim in chemical science. It 
originated from the masterly researches of 
Sir H. Davy on the oxymuriatic acid gss of 
the French school, a substance which, after 
resisting the most powerful means of de- 
composition which his sagacity could invent, 
or his ingenuity apply, he declared to be, 
according to thle true logic of chemistiy, an 
elementwy body, and not a compound of 
muriatic acid and oxygen, as wa9 previous- 
Iv imagined, and as its name seemed to 
denote. He accordingly assipped to it the 
term chlorine, descriptive <» its colour; a 
name now generally used. The chloridic 
theoiy of combustion, though more limited 
in its applications to the chemical phenome- 
na of nature, than the antiphlogistic of La- 
voisier, may justly be regarded as of equal 
importance to the advancement of the sci- 
ence itseltl When we now survey the Trans- 
actions of the Royal Society for 1808, ISO^, 
1810, and 1811, we feel overwhehned with 
istoiUshment at the unparalleled skill, la- 
bour, and sagacity, by which the great En&^. 
lish chemist, in so short a space, prodigiously 
multiplied the objects and resources of the 
science, while he promulgated a new code 
of laws, Bowing from views of elementary 
action, equally profound, original, and su- 
blime. The importance of the revolution 
produced by his researches on chlorine, will 
justify us in presenting a detailed account of 
the steps by which it has been effected. How 
entirely the gloiy of this great work belongs 
to Sir U. Davy, notwithstanding some invi- 
dioiis attempts in this country, to tear the 
well-earned laurel from his brow, and trans- 
fer it to tlie French chemists, we may rea- 
dily judge by the following deQisive fac^s. 

The second part of the Phil. Trans, for 
1809 contains researches on oi^muriatic 
acid, its nature and combinations!, by Sir H. 
Davy, from which I shull make a few inter- 
esting extracts. 

« In the Bakerian lecture for 1808," says 
be, « 1 have g^ven an account of the action 
of potassium upon muriatic acid gas, by 
which more than one-third of its vomme of 
hydrogca is produced; and I have stated, 
that muriatic acid can in no instance be pro- 
cured from oxymuriatic acid, or from dry 
muriates, unless water or its elements be 
present. 

«* In the second volume of the M^oira 
D'Arcueil, MM. Gay-Lussac and llienaixl 
have detailed an extensive series of facts up- 
on muriatic acid, and oxymuriatic acid. 
$ome of their experiments are similar to 
those 1 have detailed in the paper just re- 
ferred to; others are peculiarly their own, 
and of a very curious kiud; their general 



conchimoB is, that muriatic add gas aontMiis 
about one quarter of its weight of water; 
and that oxymuriatic acid is notdecomposa- 
ble by any substances but hydrogen, or such 
as can form triple combinations with it. 

** Ono of the most tingplar facts that I 
have observed on this subject, and which I 
have before referred to, is that charcoal, 
even when ignited to whiteness in oxymu- 
riatic or muriatic acid gases, by the voitaia 
battery, eflTects no chan^ in them, if it has 
been previously Ireed from hydrogen and 
moisture, by intense ignition in vacuo. 

** This experiment, which I have several 
times repeated, led me to doubt of the ex- 
istence of oxygen in that substance, which 
has been supposed to contain it, above all 
others, in a loose and active state; ana to 
make a more rigorous investigation, than 
had hitherto been attempted for ita detec- 
tion." 

He then proceeds to interrogate nature, 
with every artifice of experiment and rea- 
soning, tiU he finally extorts a confession of 
the true constitution of this mysterious mu- 
riatic essence. The above paper, and his 
Bakerian lecture, read before the Royal So- 
ciety in Nov. and Dec. 1810, and published 
in the first part of their transactions for 1811, 
present the whole body of evidence for the 
undecompounded nature of oxymuriatic acid 
gas, thenceforward styled chlorine, and they 
will be studied in every enlightened age apd 
country, as a just and sptendid pattern of in- 
ductive Baconian loeic. These views were , 
slowly and reluctantly admitted by the che- 
mical philosophers of Europe, llie hypo- 
thesiaof Lavoisier, that combustion was mere- 
ly the combination of oxygen with a basis, 
had become as &vourite an idol with the 
learned, as the previous h)^pothesis of Stahl^ 
that one phlogistic principle pervaded all , 
combustible bodies, which was either evolved | 
in heat and light, or quietly transferred to an i 
incombustible, impartiog that inflammability i 
to the new substance, which its former com- 
panion had secretly lost. Stahl's idea of com- 
bustion is the more comprehensive, and may \ 
still be true; Lavoisier's as a general propo- 
sition, is certainly false .f 

In 1812 Sir H. Davy pubfished his Ele- 
ments of Chemical Philosophy; containing a 
systematic account of his new doctrines con- 
cerning the combination of simple bodies. 



f It appears to me tliat Stahl's doctrine is 
falser both as a general and particular pro- 
position. According to him, metals are com- 
pounds of their own oxides, now known to be 
compounds containing metals as ingredients; 
and this error was extended to explain the 
relation between every combustible, and 
its compounds formed with oxygen. The 
doctrine of Stahl never can be true, until it 
ceases to be an axiom, that the kss eamiot , 
eontain the greater. 
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Ghforine it there phced in the same nok 
with oxygen, and finally removed from the 
class of acids. In 18 13, M. Thenard pub- 
lished the first volume of his TraUi de Chi- 
mie I^n^rUain TMorique H PraUque. This 
distinguished chemist, the fellow-labourer of 
M. Gay-Lussacy in those able researches on 
the alkalis and oj^muriatic acid, which form 
the honourable rivalry of the French school 
to the brilliant career of Sir H. Davy, states 
at pag-e 584. of the above volume, the com- 
posiiion of Qxymuriatic acid as follows: " Cow- 
fomUan^ The ox^g^enated muriatic ^as, con- 
tains the half of its volume of oxygen gas, 
not including that which we may suppose in 
muriatic acid. It thence follows, that it is 
formed of 1.9183 of muriatic acid, and 0.5517 
.of osygen; for the specific g^vity of oxyge- 
nated muriatic gas is 2.47, and that of oxy- 
gen gas, 1.1034.'* « M. Chcnevix first de. 
termined the proportion of its constituent 
principles. MM. Gay-Lussac and Thenard 
determined it more exactly, and showed that 
we could not decompose the oxygenated 
muriatic eas, but by putting it in contact 
with a body capable of uniting witli the tw9 
elements of this gas, or with muriatic acid. 
They announced at the same time, that the^ 
could explain all the phenomena which it 
presents, by considering it as a simple, or 
a8«a compound body. However, tins last 
opinion appeared more probable to them^ 
M. Dsnry on the contnury, embraced the fiist, 
admitted it exclusively, and sought to fortify 
it, by expevimeiits which are peculiar to 
him.« P. 585. 

In the second volume of M. Thenard's 
work, published in 1814, he explains the mu- 
tual action of chlorine and ammonia g^es 
solely on the oxygenous theory. " On peut 
d^montrer par ce dernier proc^l^, que 1e 
gas muriatique oxig^n^ doit contenir 1& 
moitie de son volume d*oxig^ne, uni i 
Pacide muriatique." P. 147.— In the 4th 
Tolume which appeared in 1816, we find 
the following passages: *' Oxygenated nCu- 
riatie g-eu. Oxygenated muriatic gas, in 
combining with the metals, gives rise to 
the neutral muriates. Now, 107.6 of oxide 
of silver, contain 7.6 of oxygen, and absorb 
26.4 of muriatic acid, to pass to the state 
of neutral muriate. Of consequence, 348 of 
this last acid supposed dry, and 100 of oxy- 
gen, form this gas. But the sp. gr. of oxy- 
gen is 1.1034, and that of oxygenated mu- 
riatic gas is 2.47; hence, this contains the 
half of its volume of oxygen." P. 52. 

The force of Sir H. Davy's demonstra- 
tionsy pressing for six years on the public 
mind of the French philosophers, now be- 
gins to transpire in a note to the above 
passage.—" We reason here," says M. 
Thenard, "obviously, on the hypotliesis, 
which consists in regarding oxygenated 
VOL. U 
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muriatic gu as a compound body.** This 
pressure of public opinion becomes conspi- 
cuous at the end of the volume. Among the 
additions, we have the following decisive 
evidence, of tlie lingering attachment to the 
old tbeoiy of Lavoisier and Berthbllet— " A 
pretty considerable number of persons who 
have subscribed for this work, desiring a de- 
tailed explanation of the phenomena, which 
oxygenated muriatic gas presents, on the 
supposition that this gas is a simple body, 
we are now going to explain these pheno- 
mena, on this supposition, by considering 
them attentively. The oxygenated muriatic 

fas will take the name of chlorine; its com- 
inations with phosphorus, sulphur, azote^ 
metals, will be called cMorures; the muriatio 
acid, which results from equal parts in vol- 
ume of hydrogen and oxygenated muriatic 
gases, will be hydrochlorie add; the super- 
oxygenated muriatic acid, will be cMor<m$ 
add; and the hyperoxygenated muriatic, 
ckloric add; the first, comparable to the 
h>driodic acid, and the last to the iodic 
acid." In fact, therefore^ we evidently see, 
that so far from the eJUoridic theory origin- 
ating in France, as has been more than 
insinuated, it was only the researches on 
iodine, so adnairably conducted by M. Gay- 
Lussac, that by their auxiliary attack of the 
oxygen hypothesis, eventually opened the 
minds of its adherents, to the evidence long 
ago advanced by Sir K. Davy. It will be 
peculiarly instructive, to give a general 
outline of that evidence, which has been 
mutilated in some systematic works on che- 
mistry, or frittered away into fragments. 

Sir H. Davy subjected oxymuriatic gas, 
to the action of many simple combustibles, 
as well as metals, and from ihe compounds 
formed, endeavoured to eliminate oxygen, 
by the most energetic powers of affinity and 
voltaic electricity, but without success, aa 
the following abstract will show. 

If oxymuriatic acid gas be introduced in* 
to a vessel exhausted of air, containing tins 
and the tin be gently heated, and the gas in 
suffident quantity, the tin and the gas dis- 
appear*; and a limpid fluid, precisely the 
same as JUbavius's liquor is formed: If this 
substance is a combination of muriatic acid 
and oxide of tin, oxide of tin ought to be 
separated from it by means of ammonia.— 
He admitted ammoniacal gas over mercury 
to a small quantity of the liquor of Liba^us; 
it was absorbed with great heat, and no gas 
was generated; a solid result was obtained, 
whicTi was of a dull white colour: some of 
it was heated, to ascertain if it^contained 
oxide of tin; but the whole volatilizec^ pro- 
ducing dense pungent fumes. 

Another experiment of the same kind, 
made with great care, and in which the am- 
monia was used in great excess, proved that 
36 



ike fiqoor of libiTla* cumot be deooiB' 
jpounded by ammonia; but that it forms ft 
new combination with this substance. 

He made a conriderable quantity of the 
•olid compound of ojjrmunatic acid and 
phosphorus by combustion, and saturated it 
with ammonia, by heatinj^ it in a proper re- 
ceiver filled with ammoniacal gas, on which 
it acted with great energy, producing much 
heat; and they formed a white opaque pow- 
der. Supposing that this substance was 
composed of the diy muriates and phoa- 
phatea of ammonia; as muriate of ammonia 
IS very volatile, and as ammonia ia driven off 
from phosphoric acid, by a heat below red- 
ness, he conceived that, by ignitine the pro- 
duct obtained, he should procure phosphonc 
acid; he therefore introduced some of the 
powder into a tube of green glass, and heated 
It to redness, out of the contact of air, by a 
•pint lamp; but found, to bis great surpnse, 
that it was not at all volatile nor decomposa- 
ble at this degree of heat, and that it gave 
off no gaseous matter. 

The circumstance, that a substance com- 
posed principally of oxymuriatic acid, and 
ammonia, shouli resist decompositioni or 
change at so high a temperature, induced 
him to pay particular attention to the pro- 
perties oi this new body. 

It has been said, and taken for granted by 
many chemists, that when oxymuriatic acid 
ftiid anunofiia act upon each other, water is 
formed; he several times made , the experi- 
ment, and was convinced that this is not the 
case. 

He mixed together sulphuretted hydrogen 
in a high deCTee of purity, and oxymuriatic 
acid gas, both dried, in equal volumes. In 
this instance the condensation was not ^ 
sulphur, which seemed to contain a little 
oxymuriatic acid, was formed on the sides of 
the vessel; no vapour was deposited; and 

the residual gas contsuned aboul"^ of muri. 
fttic aeid gas, and the remainder was inflam- 
mable. 

When oxymimallc acid is acted upon by 
nearly an equal volume of hydrogen, a comr 
bination takes place between them, and mu- 
riatic acid eas results. When muriatic acid 
gas is acted on by mercury, or any other 
metal, the oxymuriatic acid is attracted from 
the hydrogen, by the stronger ailinity Of the 
metal; and an oxymuriate, exactly similar to 
that formed by combustion, is produced. 

The action of water upon those com- 
pounds, which have been usually con^dered 
as muriates, or as dry muriates, but which 
are properly combinations of oxymuriatic 
acid with inflammable bases, may be eamly 
exp»lained, according to these views of the 
subject. When water is added in certain 
quantities to Libavius's liquor, a solid cijrs- 
talli2^ mass is Obtained, from which oxide 
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of tin and muriate of ammonift pm ^ pto# 
cured by ammoiua. In this case, oxygen 
may be conceived to be supplied to the tin, 
and hydrogen to the oxymuriatic add. 

I'he compound fcmned by burning pbos* 
phorus in oxymuriatic acid, is in a similar 
relation to water. If that substance be add- 
ed to it, it is resolved into two powerful 
acids; oxygen, it may be supposed, is fiir- 
nisbed to Uie phosphotus to form phosphoric 
acid, hydrogen to the oxymuriatic add to 
form common muriatic add ^as. 

He caused strong explottons from an 
electrical jar to pass through oxymuriatic 
gas, by means of points of platina, tor aevend 
hours, in succession; but it seemed not to 
undergo the slightest change. 

He electrized the oxymuriates of phos. 
phorus and sulphur for some hours, by the 
power of the voltaic apparatus of 1000 dou- 
ble plates. No gas separated, but a minute 
quantity of hydrogen, which be was Inclined 
to attribute to the pfesence of moisture in 
the ajHMiatus employed; for he once ob^ 
tnned hydrogai fiom Libavius's liquor by 
a similar operatiofa. But he ascertained that 
this was owing to the decomposition of wa- 
ter adhering to the mercury; and -in some 
late experiments madc^^ith 2000 double 
l>lates, in which the discharge was from pla- 
tina wires, and in which the mercuiy itted 
for confiniim^ the liquor was careiully boiled, 
there was no production of any permanent 
elastic matter. 

Few substances, perhaps, have less chum 
to be, considered as acid, than oxjnnuriatic 
acid. As yet we have nov right to say that 
it has been decompounded; and as its ten- 
dency of combination is with pure inflam- 
mable matters, it may possibly belong to the 
same class of bodies as oxygen. 

May it not in fact be a pemlMr acidifying 
and dissolving prindple, forming compounos 
with combustible bodies, analogous to acids 
containing oxygen, or oxides, in their proper- 
ties and powers of combination; but difler- 
ing from them, in being for the most part 
decomposable by water? On this idea mu- 
riatic acid may be considered as having hy- 
drogen for its basis, and oxymuriatic acid for 
its acidifying principle. And the phosphoric 
sublimate as having phosphorus for its basis, 
and oxymuriatic add tor its addifying matter. 
And Libavius's liquor, and the compounds of 
arsenic with oxymuriatic acid, maybe regard- 
ed as analogous bodies. The combinations 
of oxymuriatic acid with lead, silver, mer- 
cury, potasnum, and sodium, ia this view, 
woukl be conndered as a ckss of bodies re- 
lated more to oxides than acids, in their 
powers of attraction.^-i9«Jb. Xec. 1809. 

On tiie Con^binatimM of the Ommon Jtfefab 
wUk Oxfgm md Oxymuriatic Qaa, 

Sir H. used in aO cases small retorts of 
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^ ^ J coi^iiiiig from three to six cu- 
bic^ incbcs, furnished with stop-cocks. The 
metallic substances were introduced, the re- 
tort exhausted and filled with the gas to be 
acted upon, heat was applied by means of a 
spirit lamp, and after cooUn^, the results 
were examined, and the residual gas ana- 
lyzed. 

All the metals he tried, except silver, 
lead, nickel, cobalt, and gold, when heated, 
burnt in the oxymuriatic g^s, and the vola^ 
tile metals ^th flame. Arsenic, antimony, 
tellurium, and zinc, with a white flame, 
mercury with a red flame. Tm became 
ignited to whiteness, and iron and copper to 
redness; tun|;sten and manganese to dull 
redness; platma was scarcely acted upon at 
the heat of ftision of the glass. 

llie product from mercury was corro8iip« 
sublimate. That from zinc was similar in 
colour to that from antimony, but was much 
less volatile. 

Silrer and lead produced hom-«ilrer and 
horii4ead; and bismuth, butter of bismuth. 

In acting upon metallic oxides by oxy- 
rouHatic gas, he found that those of lead, 
silver, tin, copper, antimony, bismuth, and 
tellurium, were decomposed in a heat below 
redness, but the oxides of the volatile metab 
more readily than those of the fixed ones. 
The cuddes of cobalt and nickel were scarcely 
acted upon at a dull red heat. The red 
oxide of iron was not affected at a strong 
red heat, whilst the black oxide was readily 
decomposed at a much lower temperature; 
arseniod acid underwent no change at the 
greatest heat that could be given it in the 
glass retort, whilst the white oxide readily 
decomposed. 

In cases wher^ oxygen was given off, it 
was found exactly the same in quantity as 
that which has been absorbed by the metal. 
Thus two grains of red oxide of mercury abl 
sorbed~.of a cubical inch of oxymuriatic 

gas, and afforded 0.45 of oxygen. Two 
grains of dark olive oxide horn calomel de- 
composed by potash, absorbed about-^ 

of oxymuriatic gas, and afforded -^ of oxy. 
{^eny and corroave sublimate was produced 
ih both cases. 

In the decompotttion of the white oxide 
of zinc, oxygen was expelled exactly equal 
to half the volume of the oxymuriatic acid 
absorbed. In the case of tlie decomposition 
of the black oxide of iron, and the white 
oxide of aneaie, the changes that occurred 
were of a ver^ . beautiful kind; no oxygen 
was ^ven oft' in ^ther case, but butter of 
arsenic and arsenical acid formed in one in- 
stance, and the ferruginous sublimate and 
red oxide of iron in the other. 

Genend Ccndwions and Observations, iUm- 
trated 69 Experiments. 
Oxymuriatic gas combines with inflam- 



mable bodies, to form simple binary cohn 
pounds; and in these cases, when it acta 
upon oxides, it either produces the expulsion 
of their oxygen, or causes it to enter into 
new combinations. 

If it be said that the oxygen arises from 
the decomposition of the oxymuriatic gas, 
and not from the oxides, it may be asked, 
why it is always the quantity contained in 
the oxide? and why in some cases, as those 
of the peroxides of potassium and sodium, it 
bears no relation to the quantity of gas? 

If there existed any acid matter in oxy- 
muriatic gas, combined with oxygen, it 
ought to be exhibited in the fluid compound 
of one ])roportion of phosphorus, and two of 
oxymuriatic gas; for this, on such an as- 
sumption, should consist of muriatic acid 
(on the old hypothesis, free from water) 
and phosphorous acid; but this substance 
has no effect on litmus paper, and does not 
aSct under common circumstances on fixed 
alkaline bases, such as dry lime or magne- 
sia. Oxymuriatic gas, like oxygen, must 
be combined in large quantity with pecu- 
liar inflammable matter^ to form acid mat- 
ter. In its union with hydrogen, it instantly 
reddens the driest litmus paper, though a 
gaseous body. CJontrary to acids, it expels 
oxygen from protoxides; and combiner 
with peroxides. 

When potassium is burnt in oxymuriatic 
gas, a dry compound is obtained. If potas- 
sium combined with oxygen is employed, 
the whole of the oxygen is expelled, and 
the same compound formed. It is contrary 
to sound logic to say, that this exact quan- 
tity of oxygen is given off from a body not 
known to be compound, when we are cer- 
tain of its existence in another; and all tho 
cases are parallel. 

Scheele explained the bleaching power* 
of the oxymuriatic gas, by supposing that 
it destroyed colours by combining with 
phlogiston. BerthoUet considered it as act- 
ing by supplying oxygen. He made an ex- 
periment, which seems to prove that tho 
pure gas is incapable of altering vegetable 
colours, and that its operation in bleaching 
^depends entirely upon its property of de- 
composing water, and liberating its oxygen. 

He filled a glass globe, containing dry 
powdered muriate of lime, with oxymuri- 
atic gas. He introduced some dry paper 
tingCNl with litmus that had been just heat- 
ed, into another globe containing^ dry mu- 
riate of lime; after some time this globe 
was exhausted, and then connected with 
the globe containing the oxymuriatic gas, 
and by an appropriate set of stop>cocks, 
the paper was exposed to the action of the 
g^. No change of colour took place, and 
afler two days there was scarcely a per- 
ceptible alteration. - 

Some similar paper dried, introduced iiw 
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to g«s tiiat had not been exposed to mu- 
riate of lime, was instantly rendered white. 
It is generally stated in chemical books, 
that oxymuriatic gas is capable of* being 
condensed and crystallized at a low tem- 
perature. He found by several experiments 
that this is not the case. The solution of oxy- 
muriatic gas in water freezes more readi- 
ly than pure water, but the pure gas dried 
by muriate of lime- undergoes no change 
whatever, at a temperature of 40 below 0** 
of Fahrenheit. The mistake seems to have 
arisen from the exposure of the g^s to cold 
in bottles containing moisture. 

He attempted to decompose boracic and 
phosphoric acids by oxymuriatic gas, but 
without sucoessi from which it seems pro- 
bable, that the attractions of boracium and 
phosphorus for oxygen are stronger than 
for oxymuriatic gas. And from the experi- 
Bients ah*eady detailed, iron and arsenic 
are analogous in this respect, and proba- 
bly some other metals. 

Potassium, sodium, calcium, strontium^ 
barium, zinc, mercury, tin, lead, and proba- 
bly silver, antimony, and gold, seem to 
have a stronger attraction for oxymuriatic 
gas than for oxygen. 

" To call a body which is not known to 
contain oxygen, and which cannot contain 
muriatic acid, oxymuriatic acid, is contrary 
to the principles of that nomenclature in 
which it is adopted; and an alteration of it 
seems necessary to assist the progress of 
discussion, and to diffuse just ideas on the 
subject. If the great discoverer of this sub- 
stance had signified it by any simple name, 
it would have been proper to have recur- 
ved to it; but dephlogisticated marine acid 
is a term which can hardly be adopted in 
the present advanced era of the science. 

After consulting some of the most emi- 
nent chemical philosophers in this country, 
it has been judged most proper to suggest 
a name founded upon one of its obvious and 
characteristic properties — its colour, and 
to call it chhrinCi or chloric gas. 

Should it hereafter be discovered to be 
compound, and even to contain oxygen, this 
name can imply no error, and cannot neces- 
sarily require a change. 

Most of the salts which have been called 
muriates, are not known to contain any mu- 
riatic acid, or any oxygen. Thus Libavius's 
liquor, though converted into a muriate by 
water, contains only tin and oxymuriatic 
gas; and horn-silver seems incapal^le of be- 
ing converted into a true muriate.'*— ^ait. 
lee. 1811. 

We shall now exhibit a summary view 
of the preparation and properties of chlo- 
rine. 

Mix in a mortar 3 parts of common salt 
and 1 of black oxide of manganese. Intro- 
duce them into a glass retort, and add 2 
parts of sulphuric acid. -Gas will issue. 



trhich must be effected inthe water-pnett- 
matic trough. A gentle heat will favour ita 
extrication. In practice, the above pasty- 
consistenced mixture is apt to boil over in- 
to the neck. A mixture of liquid muriatic 
acid and manganese is therefore more con- 
yenient for the production ' of chlorine. A 
very slight heat is adequate to its expul- 
sion from the retort. Instead of manganese, 
ted oxide of mercury, or puce-coloured oX- 
ide of lead, may be employied. 

This gas, aa we have already remarked, 
IS of a greenish-yellow colour,. easily recog- 
nized by day-light, but scarcely distinguish- 
able by that of candles. Its odour and taste 
are disagreeable, strong, and so charac- 
teristic, that it is impossible to mistake it 
for any other gas. When we breathe it, even 
much diluted with air, it occasiona a^ense 
of strangulation, constriction of the thorax, 
and a copious discharge from the nostrils. 
If respired in larger quantity, it excitea 
violent coughing, with spitdng of blood, 
and would speedily destroy the individual, 
amid violent distress. Its specific gravity 
is 2.4733. This is bettor inferred from the 
specific gravities of hydrogen and muriatic 
acid gases, than from the direct' weight of 
chlorine, from the impossibility of confin- 
ing it over mercury. One volume of hydro- 
gen, added to one of cWorine, form two 
of the acid gas. Hence, if from twi€» 
the specific gravity of muriatic gas = 
2 5427, we subtract that of hydrogen = 
0.0694, the difference 2-4733 is the speci- 
fic gravity of chlorine. 100 cubic inches at 
mean pressure and temperature wei^ 75i 
grains. See Gas. 

In its perfectly dry state, it has no effect 
on dry vegetable colours. With the aid of 
a little moisture, it bleaches them into a 
yellowish-white. Sclieele first remarked 
this bleaching property; Berthollet applied 
it to the art of bleaching in France, and 
from him Mr. Watt introduced its use into 
Great Britain. 

If a lighted wax taper be immersed ra- 
pidly into this gas, it consumes very fast, 
with a dull reddish flame, and much smoke. 
The taper will not burn at the surface of 
the gas. Henoe, if slowly introduced, it is 
apt to be extinguished. The alkaline me- 
tals, as well as copper, tin, arsenic, zinc, 
antimony, in fine laminx or filings, spon- 
taneously bum in chlorine. Metallic chlo- 
rides result. Phosphorus also takes fire at 
ordinary temperatures, and is ccmverted 
into a chloride. Sulphur may be melted in 
the gas without taking fire. It forms a li- 
quid chloride, of a reddii^ colour. When 
dry, it is not idtered by any change of tem- 
perature. Enclosed in a phial with a little 
moisture, it concretes into crystalline nee- 
<Ue8,at40«Fahr. 

According to M. Thenard, water am- 
denses, at the temperature of 6j3* Fahr. 
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wid ftt 129.92 barom. littroes its Toiume of 
ehlorine, and fbrms aqueou* chlorine, for^ 
meHy called liquid oxymariatic actd. This 
combination is best made in the second 
bottle of a Woulfe's apparatus, the first be-» 
ingr charged with a little water, to inter- 
cept the muriatic acid gas, while the third 
bottle may contain potash-water or milk 
of lime, to condense the superfluous gas. 
M. Thenard says, that a kilogramme of 
salt is aufiicient for saturating from 10 to 
12 iitxes of water. These measures corres- 
pcmd to 2 and l-3d libs, avoirdupois, and 
from 21 to 25 pints English. There is an 
ingenious apparatus for making aqueous 
chlorine, described in Bertholiet's EIq* 
nents of Dyeing, vol. i.; which, however, 
the happy substitution of slaked lime for 
water, by Mr. Charles Tennent of Glasgow, 
has superseded, for the purposes of manu* 
fiictore. It congeals by cold at 40^ Fahr. 
and affords, crystallized plates, of a deep 
yellow, containing . a less proportion of 
water than the liquid combination. Hence 
when chlorine is passed into water at tem- 
peratures under '40% the liquid finally be- 
comes a concrete mass, which at a gentle 
beat liquefies with efierveacence, from the 
escape of the exeess of chtorine. When 
steam and chlorine are passed together 
through a red-hot porcelain tube, they are 
converted into muriatic acid and oxygen. 
A like result is obtained by exposing aque« 
ous chlorine to the solar rays; with this dif- 
ference, that a little chloric acid is formed. 
Hence aqueous chlorine should be kept in 
a dark place. Aqueous chlorine attacks al- 
most all the metals at an ordinary tempe- 
rature, forming muriates or chlorides, and 
heat is evolved. It has the smell, taste, and 
colour of chlorine; and acts like it, on ve- 
getable and animal colours, its taste is 
somewhat astringent, but not in the least 
degree acidulous. 

When we put in a perfectly dark place 
at the ordinary temperature, a mixture of 
chlorine and hydrogen, it experiences no 
kind of alteration, even in the space of a 
great many days. But if, at the same low 
temperature, we expose the mixture to the 
diffuse light of day, by degprees the two 
gases enter into chemical combination, and 
form muriatic acid gfas. There is no change 
in the vokme of the mixture, but the change 
of its nature may be proved, by its rapid ab- 
sorbability by water, its not exploding by 
the lighted taper, and the disappearance of 
the chlorine hde. To produce the complete 
discoloration, we must expose the mixture 
finally for a few minutes to tlie sunbeam. 
If exposed at first to this intensity of light, 
it explodes with great violence, and instant- 
ly forms muriatic acid gas. The same ex- 
plosive combination is produced by the 
electric spark and the lighted taper. M. 
Thenard says, a heat of 392** is sufficient 



to cause ^e explosion. 'The proper prat 
portion is an equal volume of each gasr 
Chlorine and nitrogen combine into a re-, 
markable detonating compound, by expos- 
ing the former gas to a solution of an am* 
moniacal salt. See NiTaocEir. Chlorine 
is the ipost powerful agent for destroying 
contagious nritumata. The disinfecting phi- 
als of Morveau evolve this gas. See Chlo- 
rous Oxioi.* f 

* Chlorite is a mineral usually friable 
or very easy to pulverize, composed of a 
multitude of little spangles, or shining 
small grains, falling to powder under the 
pressure of the fingers. There are four 
8ub>specie». 1. Chlorite earth. In green, 
glimmering and somewhat pearly scales*, 
with ft shining green streak. It adheres to 
the skin, and has a greasy feel. Sp. gr. 2.6^ 
It consists of 50 silica, 26 alumina, 1.5 lime, 
5 oxide of iron^ 17.5 potash. This mineral 
is found chiefly in clay-slate, in Germany 
and Switzerland. At Altenberg, in Saxony, 
it is intermingled with sulphurets of iron 
and arsenic; and amphibole in mass. 2 Com' 
fMH chlorite. A massive mineral of a black- 
ish-g^en colour, a shining lustre, and a fo- 
liated fracture passing into earthy. Streak 
is lighter green; it is soft, opaque, easily 
cut and broken,, and feels greasy. Sp. gr. 
2.83. Its constituents are 26 silica, 18.5 
alumina, 8 magnesia, 43 oxide of iron, and 
2 muriate of potash. 3. Chlorite okite. A 
massive, bladtish-green mineral, with re- 
sinous lustre, and curve slaty or scaly-foli- 
ated fracture. Double cleavage. Easily cut. 
Feels somewhat greasy. Sp gr. 2.82. It 
occurs particularly along with clay-slate, 
and is found in Corsica, Fahlun in Sweden, 
and Norway. 4. Foliated chlorite Colour 
between mountain and blackish-green. 
Massive; but commonly crystallized in six- 
sided tables, in cylinders terminated by two 
cones, and in double cones with the bases 
joined. Surface streaked. Lustre siiinihg 
pearly; foliated fracture, translucent on the 
edgpes; soft, sectile, and folia usually flexi- 
ble. Feels rather greasy. Sp. gr. 2.82. It 
is found at St. Gothard, in Switzerland, and 
in the island of Java. Its constituents are 
35 silica, 18 alumina, 29.9 magnesia, 9.7 
oxide of iron, 27 water.* 

* Chlorophane. a violet ^ttor spar, 
found in Siberia.* 

*Chloro-cakbokous Acid. The term 

f It is surprising, that I have no where 
met with any mention of one of the most 
distinctive and obvious properties of this 
gas. When the exterior «r was about the 
temperature of 60S and a mercurial ther- 
mometer detected no difference between 
tiie temperature of the chlorine and that 
of the surrounding medium, the hand, im- 
mersed in it, would experience a sensa** 
tion of warmth, indicating 80 or 90°. 
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libloro-cafbonic which has heen giTen to 
this compound is Incorrect, Icftdm^ to the 
belief of its being a compound of chlorine 
and acidified charcoal* instead of beings a 
compound of chlorine and the protoxide 
of charcoal. Chlorine has no immediate ac- 
6on on carbonic oxide, when they are ex- 
posed to each other in common day-light 
orer mercury; not even when the electric 
•park is passed through them. Experiments 
made by Dr. John Davy, in the presence of 
his broUier Sir H. Davy, prove that th^ 
combine rapidly when exposed to the di- 
rect solar beams, and one volume of each 
18 condensed into one volume of the com- 
pound. The resulting gas possesses very 
curious properties, approaching to those 
of an acid. From the peculiar potency of 
the sunbeam in effecting this combination. 
Dr. Davy called it phosgene gas. The con- 
stituent gases, dried over muriate of lime, 
ought to be introduced from separate re- 
servoirs into an exhausted globe, perfectly 
dry, and exposed for fifteen minutes to 
bright sunshine, or for twelve hours to 
day-light. The colour of the chlorine dis- 
appears, and on opening the stop-cock be- 
longing to the globe under mercury re- 
cently boiled, an absorption of one-half the 
gaseous volume is indicated. The resulting 
gas possesses propenies perfectly distinct 
from those belonging to either carbonic 
oxide or chlorine. 

It does not fume in the atmosphere. Its 
odour is different from that of chlorine, 
something like that which might be ima- 
gined to result from the smell of chlorine 
combined with that of ammonia, it is in 
fact more intolerable and suffocating than 
chlorine itself, and affects the eyes in a 
peculiar manner, producing a rapid flow 
of tears, and occasioning painful sensations. 

It reddens dry litmus paper; and con- 
denses four volumes of ammonia into a 
white salt, while heat is evolved. This am- 
moniacal compound is neutral, but has no 
odour, but a pungent saline taste; is deli- 
quescent, decomposable by the liquid mi- 
neral acids, dissolves without effervescing 
in vinegar, and sublimes unaltered in mu- 
riatic, carbonic, and sulphurous acid gases. 
Sulphiu-ic acid resolves it into carbonic and 
muriatic acids, in the pi*oportion of two 
in volume of the latter, and one of the 
former. Tin, linc, antimony, and arsenic, 
heated in cbloro-carbonous acid, abstract 
the chlorine, and leave the carbonic oxide 
expanded to its original volume. There is 
neither ignition nor explosion takes place, 
though the action of the metals is rapid. 
Potassium acting on the compound gas 
produces a solid chloride and charcoal. 
White oxide of zinc, with chloro-carbonous 
acid, gives a metallic chloride, and carbo- 
nic acid. Neither sulphur, phosphorus,oxy- 
ipen, not hydrogen, though aided by heal« 



produce any change on the ibid gw. Bat 
oxygen and hydrogen together, in due pro» 
portions, explode m it; or mere exposure 
to water, converts it into muriatic and car- 
bonic acid gases. 

From its completely neutralizing atnmo- 
nia, which carbonic acid does not; from its 
separating carbonic acid from the snbcar- 
bonate of this alkali, while itself is not se- 
parable by the acid gases, or acetic acid; 
and its reddening vegetable blues, there 
can be no hesitation in pronouncing the 
chloro-carbonous compound to be an acid. 
Its saturating powers indeed surpass every 
other substance. None condenses so large 
a proportion of ammonia. 
- One measure of alcohol condenses twelve 
of chloro-carbonous gas without decompose 
ing it; and acquires the peculiar odour and 
power of atfecting the eyes. 

To prepare the gas in a pure state, « 
good air pump is required, perfectly tight 
stop-cocks, dry gases, and dry vess^. ItM 
specific gravity may be inferred from the 
specific gravity of its constituents, of which 
it is the sum. Hence 3.4733 -f 0.9723 3= 
3.4455, is the specific gtwity of chloro- 
carbonous gas; and 100. cubic inches weigh 
105.15. grains. It appears that when hydro<» 
gen, carbonic oxide, and chlorine, mixed- 
in equal volumes, are exposed to light, 
muriatic and chloro-carbonousi acids are 
formed, in equal proportions, indicating 
an equality of affinity. 

The paper in the PhiL Trans, for 1612, 
from which the preceding facts are taken, 
does honour to the school of Sir H. Davy. 
MM. Gay-Lussac and Thenard, as well as 
Dr. Murray, made controversial investiga- 
tions on the subject at the same time, but 
without success. M. Thenard has, however, 
recognized its distinct existence and pro- 
perties, by the name of carb(hmufiatw acid, 
in the 2d volume of his System, published 
in 1814, where he considers it as a com- 
pound of muriatic and carbonic acids, re- 
sulting from the mutual actions of the ^x^- 
genated muriatic aeid^ and carbonic oxide.* 

* CHi.oaous and Chloric Oxiobs, or 
the protoxide and deutoxide of chlorine. 

Both of these interesting gaseous com- 
pounds Were discovered by Sir H. Davy. 

1st, The experiments which led him to 
the knowledge of the first, were instituted 
in consequence of the difference he had 
observed between the properties of chlo- 
rine, prepared in different modes. The pa- 
per describing the production and proper- 
ties of the chlorous oxide, was pubfished 
in the first part of the Phil. Trans, for 1811. 
To prepare it, we put chlorate of potash 
into a small retort, and pour in twice as 
much muriatic acid as will cover it, diluted 
with an equal volume o€ Water. By the ap- 
plication of a gentle heat, the gfasis emlved. 
It most be collected •ver merciuy- 
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Rs tM IS much more HTely, ftiid ,mote 
ycUow than chlorine, and hence its illus- 
trious discoTerer named it euehhrine. Its 
smell is peculiar, and approaches to that 
of burnt sugar. It is not respirable. It is 
soluble in water, to which it gives a lemon 
colour. Water absorbs 8 or 10 times its vo- 
lume of this gas. Its specific gravity is to 
that of common air nearly as 1.40 to 1; for 
100 cubic inches weigh, according to Sir 
H. Davy, between 74 and 75 grains. If the 
compound gas result from 4 volumes of 
chlorine + 2 of oxygen, weighing 13.1154, 
which undergo a condensation of one-sixth, 
then the specific gravity comes out 2.423, 
in accordance with Sir U. Davy's expe- 
ilBients. He Ibund that 50 measures deto- 
nated in a glass tube over pure mercury, 
kst th^r brilliant colour, and bcscame 60 
measures; of which 40 were chlorine, and 
20 oxygen. Dr. Thomson states 2.407 for 
the sp, gr., though his own data, when 
rightly calculated upon, give 2.444. 

This gas must be collected and examined 
with much prudence, and in very small 
quantities. A gentle heat, even that of the 
hand, will cause its explosion, with such 
force as to byirstthin glass. From this fa^ 
cility. of decomposition, it is not easy to 
ascertain the action of combustible bodies 
upon it. None- of the metals that burn in 
cbiorine act upon- this gas at common temr 
pemtures; but when the oxygen is sepa- 
rated, they then inflame in the chlorine. 
This may be readily exhibited by first in- 
troducing into the protoxide, a little Dutch 
foil, which will not be even tarnished; but 
on applying a heated glass tube to the gas 
in the neck of the bottle^ decomposition 
instantly takes place, and the foil burns 
with brilliancy. When already in chemical 
union, therefore, chlorine has a stronger 
attraction for oxygen than for metals; but 
when insulated, its affinity for the latter is 
predominant. Protoxide of chlorine has no 
action on mercury, but chlorine is rapidly 
condensed by this metal into calomel. Thus 
the two gases may be ccHnpIetely separated. 
When f^osphorus is introdiused into the 
protoxide, it instantly bums, as it would 
do in a mixture of two volumes of chlorine 
and one of oxygen; and a chloride and acid 
of phosphorus result. Lighted taper and 
burning sulphur likewise instantly decom- 
pose it. When the protoxide freed from 
Water is made to act on dry vegetable co- 
lours, it gradually destroys them, but first 
gives to the blues a tint of red; from which, 
from its absorbability by water, and the 
strongly acrid taste of the solution ap- 
proaching to sour, it may be considered as 
approximating, to an acid in its nature, 
^ee 2 volumes of chlorine weigh (2 X 
2.4733} 4.9466, and 1 of oxygen 1.1111; we 
have 4.45 -f 1. ss 5.45 for the prime equi- 
valent 6i chlomus oxideion the oxygeii 



scale. The proportion by weiglit in lOft 
parts is 81.65 chlqrine + 18.35 oxygen. 

2d, Beutoxide of Chhrinet or Chhric OX' 
ide, "(^Thursday the 4th May, a paper 
by Sir H. Davy was read at the Royal So* 
ciety, oh the action of acids on byper-oxy- 
muriate of potash. When sulphuric acid is 
poured upon this salt in a wine-glass, very 
little effervescence takes place, but the 
acid. gradually acquires an orange colour, 
and a dense yellgw vapour, of a peculiar 
and not disagreeable smelt floats on the 
surface. These phenomena led the author 
to believe, that the substance extricated 
from the salt is held in solution by the acidr 
After vai'ious unsuccessful attempts to ob- 
tain this substance in a separate state, he 
at last succeeded by the following method: 
About 60 grains of the salt are triturated 
with a little sulphuric acid, just sufl&cient 
to convert tbem into a very solid paste. 
This is put into a retort, which is heated 
by means of hot water. The water must 
never be allowed to become boiling hot, 
for fear of explosion. The heat drives off 
the new gas, which may be received over 
mercury. This new gas has a much more 
intense colour than euchlorine. It does not 
act on mercury. Water absorbs more of it 
than of euchlorine. Us taste is astringent* 
It destroys vegetable blues without red- 
dening them. When phosphorus is. intro- 
duced into it, an explosion takes place. 
When heat is applied, the gas exi^odes 
with more violence, and producing more 
light than euchlorine. When thus exploded* 
two measures of it are converted into 
nearly three measures, which consist of a 
mixture of one measure chlorine, and two 
measures oxygen. Hence, it is^composed of 
one atom chlorine and four atoms oxygen.'* 

I have transcribed the above abstract of 
Sir H. Davy's paper from the number of 
Dr. Thomson's Annals for June 1815, in or- 
der to confront it with the following state- 
ment in his System, 5th edition, vol. i, page 
189: « The deutoxide of chlorine was dis- 
covered about the same time by Sir Hum- 
phry Davy and Count Von Stadion of Vi- 
enna; but Davy's account of it was publish- 
ed sooner than that of Count Von Stadion. 
Davy's account is published in the Philoso- 
phical Transactions for 1815, p. 214. Count 
Von Stadion's in Gilbert's Annalen der Phy- 
sick, 52. 179. published in February, 1816." 

Sir H. Davy's paper bears date " Rome, 
February 15th, 1815." There is therefore 
an interval of fully twelve months between 
the transmission of Sir H. Davy's discovery 
for publication^ and the promulgation 
of Count Von Stadion's paper; and an in- 
terval of nine months between the actual 
publication of the first, by tlie reading of 
it before the Royal Society of England, 
and the appearance of the second, in Gil- 
bert's Annaleu. I do not wish to iosinuate 
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that the Coimt copied ftom the Englith 
philosopher; but I mainUin, that according 
to every principle of literary juatice, the 
reputation of the discoyery entirely belonge 
to Sir H. Davy. 

Even the volume of the Transactionf for 
1815, which one is left to infer might come 
forth only in 1816, must have been pub- 
lished earlier, for Tilloch's Magazine for 
December 1815, contains the whole of Sir 
IL Davy's paper. 

The preceiding abstract, circulated over 
Europe seven or eight months before the 
53d volume of Gilbert's Annalen appeared 
is so copious as to require few additions. 

Deutoxide of chlorine has a peculiar aro- 
matic odour, unmixed with any smell of 
chlorine. A little chlorine is always ab« 
aorbed by the mercury during the explo- 
sion of the gas. Hence the small deficiency 
of the resulting measure is accounted for. 
At common temperatures none of the sim- 
ple combustibles which Sir H. Davy tried* 
decomposed the gas, except phosphorus. 
The taste of the aqueous solution is ex- 
tremely astringent and corroding, leaving 
for a long while a very disagreeable sensa- 
tion. The action of liquid nitric acid on the 
chlorate of potash anords the same gas, 
and a much larger quantity of this acid 
may be safely employed than of the sul- 
phuric. But as the gas must be procured 
by solution of the salt, it is always mixed 
with about one-fifth of oxygen. 

Since two measures of this gas, at 212^, 
explode and form three measures of min- 
gled gases, of which two are oxygen and 
one chlorine; its composition by weight is 
Oxygen, 2.2323 4 primes, 4.00 47.33 
Chlorine, 2.4733 1 do. 4.45 52.67 

8.45 100.00 
Its specific gravity is 2.3477; and hence 100 
cubic inches of it weigh about 77 grains. 

HAving completed the account of tliis in- 
teresting compound, it may be worth while 
to copy a note from the 190th page of Dr. 
Thomson's 1st volume, to show the con- 
sistency of his opinions, in one leaf of hia 
System. " According to Count Yon Stadion, 
its constituents are two volumes chlorine, 
and three volumes oxygen. This would 
make it a compound of one atom chlorine, 
and three atoms oxygen. But the proper- 
ties of tlie substance described by the 
Count differ so much from those of the gas 
examined by Davy, that it is probable they 
are distinct substances." So that after all. 
Count Von Stadion has got a deutoxide of 
chlorine to himself, without interfering 
with Sir. H. Davy's properly. We shall leave 
him to enjoy it, with the following intima- 
tion by his commentator:—-'* The reader 
will find an account of the properties of the 
deutoxide of chlorine of Count Yon Stadion, 
in the Annals of Philoao^hy, voL is* p. 22*** 



Chloeovhilk. The name li^ly given 
by MM. Pelletier and Caventou to the 
green matter of the leaves of plants. They 
obtained it, by pressing and then washing 
in water, the subsunce of many leaves, and 
afterwards treating it with alcohol. A mat- 
ter was dissolved, which when separated 
by eyaporation, and purified by washing in 
hot water, appeared as a deep green resin- 
ous substance. It dissolves entirely in alco- 
hol, ether, oils, or akalis; it is not altered 
by exposure to air; it is softened by heat, 
but does not melt; it bums with fiame, and 
leaves a bulky coal. Hot water slightly dis- 
solves it. Acetic acid is the only acid that 
dissolves it in great quantity. If an earthy 
or metallic salt be mixed with the alco« 
holic solution, and then alkali or alkaline 
subcarbonate be added, the oxide or earth 
is thrown down in combination with much 
of the green substance, forming a lake. 
These lakes appear moderately permanent 
when exposed to the air. It is supposed to 
be a peculiar proximate principle. 

The above learned term should be spel* 
led with a y, chiorophyle, to signify the 
green of leaf, or leaf-green: chlorophile. 
with an t, has a different e^molog^,; and 
a different meaning. It signifies. Jwicf of 
green. 

Cholestxrikx. The name given by M» 
Chevreul to the pearly substance of humaa 
biliary calculi It consists of 72 carbon^ 
6.66 oxygen, and 21.33 hydrogen,* by Be? 
rard. 

CholbsteeicAcxo. ByheatiEgcholes- 
terine with its own weight of strong, nitric 
acid until it ceases to give off nitrous gas^ 
MM. Pelletier and Caventou obtain^ « 
yellow substance, which separated oncool- 
mg, and was scarcely soluble in waten 
When well washed, this is cholesteric acid. 
It is soluble in alcc^ol, and may be crystal- 
lized by evaporation. It is decomposed by 
a heat above that of boiling water, and 
gives products, having oxygen, hydrogen, 
and charcoal, for their elements. It com- 
bines with bases, and forms salta^ Those of 
soda, potash, and ammonia,. iu!e very solu- 
ble; the rest are nearly insoluble. 

* Chromium. This rare metal may be 
extracted either from the native chxomate 
of lead or of iron. The latter being cheap- 
est and most abundant, is usually employ- 
ed. 

The brown chromate of iron is not acted 
upon by nitric acid, but most readily by ni- 
trate of potash, wiUi the aid of a red heat 
A chromate of potash, soluMe in water, 
is thus formed. The iron oxide thrown out 
of combination may be removed from the 
residual part of the ore by a short diges- 
tion in dilute muriatic acid. A second fu- 
sion with ith of nitre, will give rise to a 
new portion of chromate of patash. Having 
deconqHwed the whole of the or^ we satu- 
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rate the alkaline excess with nitric acid, 
evaporate and crystallize. The pure crys- 
tals dissolved in water, are to be added to 
a solution of neutral nitrate of mercury; 
whetice by cofinplex affinity, red chrotnate 
of merciiry precipitates. "Moderate ignition 
expels the mercury from the chromate, 
and the remaining chromic acid may be re- 
duced to the metallic state, by l^eing ex- 
posed, in contact of the charcoal from su- 
gar, to a violent heat. 

Chromitim thus procured, is a porous 
mass of agglutinated grains. It is very brit- 
tle, and of a grayish -white, intermediate 
between tin and steel. It is sometimes ob- 
tained in needleform crystals, which cross 
each other in all directions. Its sp. gravity 
is 5.9. It is susceptible of a feeble magnet- 
ism. It resists all the acids except nitro- 
muriatic, which, at a boiling heat, oxidizes 
it and ibrms a muriate. M. Thenard de- 
scribes only one oxide of chromium; but 
there are probably two, besides the acid 
already described. 

1. The protoxide is green, infusible, in- 
decomposable by heat, rcdwcibie by voltaic 
electricity, and not acted on by oxygen or 
air. Wbien heated to duU redness with the 
half of "its weight of potassium or sodium, 
it forms a brown matter, which, cooled and 
exposed to the air, bums witli flame, and 
is tratisformed into chromate of "potash or 
soda, of a canary-yellow colour. It is this 
oxide which is obtained by calcining the 
chromate of mercury in a small earthen 
retort for about } of an hour. The beak of 
the letort is to be surrounded with a tube 
of wet linen, and plunged into water, to fa- 
ciiitate'the condensation of the mercury. 
The oxide^ newly precipitated from acids, 
has a dark green colour, and is easily re- 
dissolved; but exposure to a dull red heat 
ignites it, and renders it denser, insoluble, 
and of a light green colour. This change 
arises solely from the closer aggregation 
of the particles, for the weight is not al- 
tered. 

2. The' deutftxide is procured by expos- 
ing the protonitrate to heat, till the fumes 
of nitrous gas cease to issue. A brilliant 
brown powder, insoluble in acids, and 
scarcely soluble in alkalis, remains. Mu- 
riatic acid digested on it, exhales chlorine, 
showing the increased proportion of oxy- 
gen in this oxide. 

3. The triioxfde has been already descri- 
bed among the acids. It may be directly 
procured by ad&ng nitrate of lead to the 
above nitrochromate of potash, and digest- 
ing* the beautiful orange precipitate of 
chromate of lead with moderately strong 
mttriatic acid, till its power of action be ex- 
hausted. The fluid produced is to be pass- 
ed through a Alter, and a little oxide of 
silver, very gradually added, till the whole 



solution becomes of a deep^ red tint. This 
liquor, by slow evaporation, deposites small 
ruby^red crystals, which are the liydrate4 
chromic acid. The prime equivalent of 
chromic acid deduced from the chromates 
of bai^tes and lead by Berzelius, is 6.544^ 
if we buppose them to be neutral salts. Ac- 
cording to this chemist, the acid contains 
double the oxygen that the green oxide 
does. But if these chromates be regarded 
as subsalts, then the acid prime would be 
13088, consisting of 6 oxygen + 7.088, 
metal; while the protoxide would consist 
of 3 oxygen-f 7 088 metal; and the deutox- 
ide, of an intermediate proportion.* 

• Chrysoberyl. Cymophaitt of Haiiy.. 
This mineral is usually got in round pieces 
about the size of a pea, but it is found crys- 
tallized in eight-sided prisms, terminated 
by six-sided summits. Colour, asparagus 
gfreen; lustre, vitreous; fracture, conchoi- 
dal; it is semi-transparent, and brittle, but 
scratches quartz and beryl. Sp. gr. 3.76. It 
is infusible before the blow-pipe. It has 
double refraction, and becomes elpctric by 
friction. Its primitive form is a rectangular 
parallelopiped. Its constituents, according 
to Klaproth, are 71 alumina, 18 silica, 6 
lime, and IJ oxide of iron. 

The summits of the pi isms of chrysobe- 
ryl, are sometimes so cut into facettes, 
that the solid acquires 28 faces II is found 
at Brazil, Ceylon, Connecticut, and perhaps 
Nertschink in Siberia. This mineral has no- 
thing to do with the chrysoberyl of PlinYt 
which was probably a variety of beryl ot a 
greenish-yellow colour.* 

Chrysocolla. The Greek name for 
borax. 

•Chrysolite. Peridot of HaUy. Topaz 
of the ancients, while our topaz is their 
chrysolite. Chrysolite is the least hard of 
all the gems. It is scratched by quajlz and 
the file. Its crystals are well formed com- 
pressed prisms, of eight sides at least, ter- 
minated by a wedged form or pyramidal 
summit, truncated at the apex. Its primi- 
tive form is a right prism, with a rectan- 
gular base. It has a strong double refrac- 
tion, which is observed in looking across 
one of the large sides of the summit, and 
the opposite face of the prism The lateral 
planes are longitudinally streaked. The co- 
lour is pistachio green, and other shades. 
External lustre splendent. Transparent; 
fracture, conchoidal. Scratches feldspar. 
Brittle. Sp. gr. 3.4. With borax, it fuses in* 
to a pale green glass. Its constituents are 
39 silica, 43.5 magnesia, 19 of oxide of Iron, * 
according to Klaproth; but Vauquelin found 
38, 50.5, and 9.5. Chrysolite comes from 
Egypt, where it is found in alluvial strata. 
It has also been found in Bohemia, and in 
the circle of Bunzlau.* 

•CHRYS0PRA8E. A variety of calcedony, * 
37 
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It it ekber of an apple or leek-green colour. 
lU fracture is even, waxy, sometimes a lit- 
tle splintery. Translucent, with scarcely any 
lustre. Softer than calcedony, and rather 
tough. Sp. gr. 2.5. A strong heat whitens 
it. It consists of 96.16 silica, 0.08 alumina, 
0.83 lime, 0.08 oxide of iron, and 1 oxide 
of nickel, to which it probably owes its co- 
lour. It has been found hitherto only at 
Kosemiitz in Upper Silesia. The mounuins 
which enclose it, are composed chiefly of 
serpentine, potstone, talc, snd other unctu- 
ous rocks that almost all contain magnesia. 
It is found in veins or interrupted beds in 
the midst of a green earth which contains 
nickel. It is used in jewellery.* 

*Cmu81tb. a mineral found by Sans- 
sure in the cavities of porphyries in the 
environs of Limbourg. It is yellowish or 
greenish and translucent; its fracture is 
sometimes perfectly smooth, and its lustre 
greasy; at other times it is granular. It is 
very brittle. It melts easily into a translucid 
enamel, enclosing air bubbles. It dissolves 
entirely and without effervescence in acids.* 

•Chyle. By the digestive process in the 
stomach of animals, the food is converted 
into a milky fluid, called chyne, which pass- 
ing into the intestines is mixed with pan- 
creatic juiee and bile, and thereafter re- 
solved into chyle and feculent matter. T^ 
former is taken up by the lacteal absorbent 
vessels of tlie intestines, which coursing 
along the mesenteric web, terminate in the 
thoracic duct. This finally empties its con- 
tents into the vena cava. 

Chyle taken soon after the death of an 
animal, from the thoracic duct, resembles 
milk in appearance. It has no smell, but .a 
•lightly acido-saccharine taste; yet it blues 
reddened litmus paper, by its unsaturated 
alkali. Soon after it is drawn from the duct, 
it separates by coagulation into a thicker 
and thinner matter. l.The former, or curd, 
seems intermediate between albumen and 
6brin. Potash and soda dissolve it, with a 
slight exhalation of ammonia. Water of 
ammonia forms with it a reddish solution. 
Dilute sulphuric acid dissolves the coa^- 
turn; and very weak nitric acid changes it 
into adipocere. By heat, it is converted in- 
to a charcoal of difficult incineration, which 
contains common salt and phosphate of 
lime, with minute traces of iron. 2. From 
the serous portion, heat, alcohol, and acids, 
precipitate a copious coagulum of albumen. 
If the alcohol be hot, a little matter analo- 
gous to the substance of brsun is subse- 
quently deposited. By evaporation and cool- 
ing, Mr. Brande obtained crystals analo- 
gous to the sugar of milk. Dr. Marcet 
found the chyle of graminivorous animals 
thinner and darker, and less charged with 
albumen, than that of carnivorous. In iJie 
former^ Uie weight of the fluid part to that 
of the coagulum was nearly 3 to 1; but a 



aerout aattar afterwatda oozed out, wbidh 
reduced the clot to a very small volttme.* 

* Chymb. Dr. Marcet examined chyme 
from the stomach of a turkey. It waa a ho- 
mogeneous, brownish opaque pulp, having 
the smell peculiar to poultry. It was nei^ 
ther acid nor alkaline, and left one-fifth of 
solid matter by evaporation. It contained 
albumen. From the incineration of 1000 
parts, 12 parts of charcoal resulted, in 
which iron, lime, and an alkaline muriate 
were distinguished. See Digxstzav.* 

CiMOLXTX, or CiMOLiAM Easth. The 
timoiia of Pliny, which was used both me- 
dicinally and for cleaning cloths by the 
ancients, and which has been confounded 
with fullers' earth and tobacco-pipe clay, 
has lately been brought from Ar^ntiera, 
the ancient Cimolus by Mr. Hawuna, and 
examined by Klaproth. 

It is of a light grayish-white colour, ac- 
quiring superacially a reddish tint by ex- 
posure to the air; massive; of an earthy, 
uneven, more or less slaty fracture; opaque; 
when shaved with a knife* smooth and of a 
greasy lustre; tenacious, so as not without 
difficulty to be. powdered or broken; and 
adhering pretty firmly to the tongue. Its 
specific gravity is 2. It is immediately pe- 
netrated by fnater, and developes itself into 
thin laminx of « curved skty form. Tritu- 
rated with water it forms a pappy maaa; 
and 100 grains will give three ounces of 
water the. appearance and consistence of a 
thickish cre»n. If left to dry after being 
thus grottnd» it detaches itself in hard 
bands, somewhat flexible, and still more 
difficult to pulverize than before. 

It appeared on analysis to consist of si- 
lex 63, alumina 23, oxide of iron 1.25, wa- 
ter 12. 

Ground with water, and applied to silk 
and woollen, greased with, oil of almonds, 
the oil was completely discharged by a 
slight washing in water, after the stuflTs had 
been hung up a day to dry, without the least 
injury to the beauty of the colour. Mr. 
Klaproth considers it as superior to our best 
fullers' earth; and attcihi«tea its properties 
to the minutely divified sUte of the silex, 
and its intimate combination with the alu- 
mina. It is still used by the natives of Ar- 
gentiera for the aame puipo^Bs as of old. 

According to Olivier the island of Arg«i- 
tiera is entirely volcanic, and the cim^ian 
earth is produced by a akm and gtadiud 
decomposition of the porphyries, occaaioiu 
ed by subterranean fires. He adds, that he 
collected specimens of it in all the. atates 
through which it passes. 

* Cinchona.. Thequinquinnandkinaof 
the French, is the bark of seyeral, species 
of cinchona, which grow in South America. 
Of this bark there are three varieties* the 
red, tlie yellow, and the pale. 

1. The red is in large* easily pmly^lzed 
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^eeesy n^ich tonish a reddiih-broWn pow< 
der, haTin|^ a batter astringent taste. Tfae 
iratery infustmi reddens Teg^table blues, 
from some free citric acid. It contains also 
murimtes of ammonia and lime. The bark 
contains extractive, r^sin, bitter principle, 
and tannin. 3. The yelbrw Peruvian hiak,wtL» 
first brought to this country about the year 
1790; and it resembles pretty closely in 
eompoBitlon, the red species, only it yields 
a good deal of kinate of Itme in plates. 3. 
The pale cinchona is that generally em- 
ployed in medical practice, as a tonic and 
ftbriAige. M. Yauquelin made infusions of 
all the varieties of cinchona he could pro- 
cure, Bsing the same quantities of the barks 
and water, and leaving the powders infus- 
ed for the same time. He observed, 1. That 
oertatn infuaions were precipitated abun- 
dantly by infusion of gMls, by solution of 
gKie, send tartar emetid. 3. That some were 
precipitated by glue, but not by the two 
other reagents; and 3. That others were, on 
the contraiy, by nutgalls and tartar emetic, 
without being affected by glue. 4. And that 
there were some iriiich yielded no precipi- 
tate by mitgalla, tannin, or emetic tartar. 
The ctBchonas that fitniished the first infti- 
Sion w»« of ezceiient qnaiity; those that 
afforded the fourth were not febrifuge, 
while those that gave the second and third, 
were febrifuge, but in a smaller degree 
than the first. Besides mucilage, kinate of 
lime, and woody fibre, he obtained in his 
anidyses, a resinous substance, which ap- 
pears not to be identic in all the species of 
bacrk. It is very bitter; very solofale in alco- 
hol, in acids and alkalis; scarcely soluble 
in cold water, but more soluble in hot. It is 
this body which gives to infusions of cin- 
chona, the property of yielding precipitates 
by emetic tartar, galls, gelatin; and in it, 
the febrifuge virtue seems to reside. It is 
this substance in part, which falls down, 
on cooling decoctions of cinchona, and ^m 
concentrated infusions. A table of precipi- 
tations by glue, tannin, and tartar emetic, 
from infusions of different bai^ks, has been 
given by M. Vattou^n; but as die particu- 
lar species are difficult to define, we shall 
not copy it.* 
• CfNCHONiir. See the preceding article. 

CiNWABAR. An ore of mercury, consist- 
ing of that metal united with sulphur. 

• CiKiTASlON Stone. The colours of 
this rare mineral are blood-red, and hya- 
cintii-red, pasmng into orange-yellow. It is 
foand always' in roundish pieces; lustre 
splendent; fi^cture imperfect conchoidal; 
fragments angular; transparent and semi- 
transparent; scratches quartz with difiicul- 
ty; somewhat brittle; sp. gr. 3.53; fuses in- 
to a brownish-black enamel. Its constitu- 
ents are 38.8 silica, 21.2 alumina, 31.35 
lime, and 6,5 oside of iron. It is foand in 
the saml of riversi in Ceylon.* 



C IPO LIN. The cipolin from Rome is « 
green marble with white zones: it g^vea 
fire with steel, though difficultly. One hun- 
dred parts of it contain 67.8 of carbonate 
of lime; 25 of quartz; 8 of schistus; 0.2 of 
iron, beside the iron contained in the schis- 
tus. The cipolin from Autun, 83 parts car- 
bonate of lime,'^2 of green mica, and one 
of iron. 

* CiSTic Oxide. A peculiar animal pro- 
duct, discovered by Dr. WoUaston. It con- 
stitutes a variety of urinary Calculus, 
which see.* 

* CiTAic Acid. Acid of limes. It has 
been found nearly unmixed, with other 
acids, not only in lemons, oranges and 
limes, but also in the berries of vaccinium 
93cyc9CC99f or cranberry, vaccinium roitis idaa, 
or red whortleberry, of birdcherry, night- 
shade, hip, in unripe grapes and tamarinds. 
Gooseberries, currants, bilberries, beam- 
berries, cherries, strawberries, cloudber- 
ries, and raspberries, contain citric acid 
mixed with an equal quailtity of malic acid. 
The onion yields citrate of lime. See Acid 
(Citric).* 

Civet is collected betwixt the anus and 
the organs of generation of a fierce carni- 
vorous quadruped met with in China and 
the East and West Indies, called a civet- 
eat, but bearing a greater resemblance to 
a fbx or marten than a cat. 
' Several of these animals have been 
brought into Holland, and afford a consi- 
derable branch of commerce, particularly 
at Amsterdam. The civet is squeezed out, 
in summer every other day, in winter twice 
a week: the quantity procured at once is 
from two scruples to a drachm or more. 
The juice thus collected is much purer and 
finer than that which the animal sheds 
against shrubs or stones in its native cli<* 
mates 

Good civet is of a clear yellowish or 
brownish colour, not fluid, nor hard, but 
about the consistence of butter or honey, 
and uniform throughout; of a very strong 
smell; quite offensive when undiluted; but 
agreeable when only a small portion of 
civet is mixed with a large one of other 
substances. 

* Civet unites with oils, but not with 
alcohol. Its nature is therefore not resin- 
ous.* 

Clarification is the process of free- 
ing a fluid from heterogeneous matter or 
feculencies, though the term is seldom ap- 
plied to the mere mechanical process of 
straining, for which see Fi l t r a t i o k. 

Albumen, gelatin, acids, certain salts, 
lime, blood, and alcohol, in many cases 
serve to clarify fluids, that cannot be 
freed from their impurities by simple per- 
colation. 

Albumen or gelatin, dissolved in a small , 
portion of water> is commonly used for 
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fininf Tinout liquors, as it inviBcates- the 
feculent matter, and {gradually subsides 
with it to the bottom Albumen is parti- 
cularly used for fluids, with which it will 
combine when cold, as sirups; it being co- 
agulated by the heat, and then rising in a 
scum with the dregs. 

Heat alone clHi-ifies some fluids, as th« 
juices of plants, in which however the albu> 
men they contain is probably the agent. 

A couple of handfuU of marl, thrown 
into the press, will clarify cyder, or water- 
cyder. 

Clay (Pore) See Alumina. 

• Clay- The clays being opaque and 
non -crystallized bodies, of dull fracture, 
aflbrd no good principle for determining 
their species; yet as they are extensively 
distributed in nature, and are used in 
many arts, they deserve particular atten- 
tion. The argillaceous minerals are all suf- 
ficiently soft to be scratched by iron; they 
have a dull or even earthy fracture; they 
exhale, when breathed on, a peculiar smell 
called argillaceous. The clays form with 
water a plastic paste, possessing considera- 
ble tenacity, which hardens with heat, so as 
to strike &*e with steel. Marls and chalks 
also soften in water, but their paste is not 
tenaceous, nor docs it acquire a siliceous 
hardness in the fire. The affinity of the 
clays for moisture is manifested by their 
sticking to the tongue, and by the intense 
heat necessary to make them perfectly dry. 
The odour ascribed to clays breathed upon, 
IS due to the oxide .of iron mixed with 
them. Absolutely pure clays emit no smeU. 

1. Porcelain earth, the kaolin of the Chi- 
nese. — This mineral is friable, meagre to 
the touch, and, when pure, forms with 
difficulty a paste with water. It is infusible 
in a porcelain furnace. It is of a pure 
white, verging sometimes upon the yellow 
or flesh-red. Some present particles of mi- 
ca, which betray their origin to be from 
feldspar or graphic granite. It scarcely ad- 
heres to the tongue. Sp. gr. 2.2. It is 
found in primitive mountains, amid blocks 
of granite, forming interposed strata. Ka- 
olins are sometimes preceded by beds of 
a micaceous rock of the texture of gneiss, 
but I'ed and very friable. This remarkabe 
disposition has been observed in the kaolin 
quarries of China, in those of Alenqon', and 
of Saint Yriex near Limogesi The consti- 
tuents of kaolin are 52 silica, 47 alumina, 
0.ti3 oxide of iron; but some contain a not- 
able proportion of water in their recent 
state. The Chinese and Japanese kaoHns 
are whiter and more unctuous to the touch 
than those of Europe. The Saxon has a 
slight tint of yellow or carnation, which dis- 
appears in the fire, and therefore is not ow- 
ing to metallic impregnation. At Saint 
Yriex the kaolin is in a stratum and also 
In a v^in, amid blocks of granite, or rather 



tKe feldtpsr rock, which the CluiMsse caU 
petuntze. The Comisli kaolin is very white 
and unctuous to the touch, and obviously 
is formed by the disintegration of the feki- 
spar of granite. 

2. Potter^ cia^, ar plattie c/ay— The clays 
of this variety are compact, smooth, and 
almost unctuous to the touch, and may be 
polished by the finger when -they are dryi 
They have a great affinity for water, form 
a tenacious paste, and adhere strongly to 
the tongue. The paste of some is even 
slightly transparent They aoquire great 
solidity, hut are infusible in the porcelain 
furnace. This property distinguishes them 
fi'om common clays, employed for coarse 
earthen ware. Some of them remain white, 
or become so in a high heat; others turn 
red. Sp. gr. 2. The slaty potters* day of 
Werner has a dark ash-gray colotir; prin- 
cipal fracture imperfectly conchoidal, cross 
fracture earthy; frag^ments tabular, rather 
light, and feels more greasy than common 
potters' clay. Vauquelin*s analysis of the 
plastic clay of Forges-les-Eauz,- employed 
for malung glass-house pots, as well as 
pottery, gave 16 alumina, 63 silica, 1 lime, 
8 iron, and 10 water. Another potters' 
clay gave 33-2 and 4S.5 of alumina and si- 
lica, with 3.5 lime. 

3. X«am.-— This is an impure potters' clay 
mixed with mica and iron oehte. Colour 
vellowish-gray, often spotted yellow and 
brown. Massive, with a dull glimmering 
lustre from scales of mica. Adheres pretty 
strongly to the tongue, and feels slightly 
gpreasy. Its density is inferior to the pre- 
ceding. 

4. Farieg'ated cfay.— Is striped or spotted 
with white, red, or yellow colours. Mas- 
sive, with an earthy fracture, verging on 
slaty. Shining streak. Very soft, some- 
times even friable, feels slightly greasy, 
and adheres a little to the tongue. Sectile. 
It is found in Upper Lusatia. 

5. S/ate c/«y.— Colour gray, or grayish- 
yellow. Massive. Dull or glimmering lus- 
tre, from interspersed mica. Slaty fracture, 
approaching sometimes to earthy. Frag- 
ments tabular. Opaque, soft, scotile, and 
easily broken. Sp. gr. 2.6. Adheres to the 
tongue, and breaks down in water. It is 
found along with . coal, and in the floetz 
trap formation. 

6. C/ay«<ofttf.— -Colour gpray, of various 
shades, sometimes red, and spotted or 
striped. Massive. Dull lustre, with a fine 
earthy fracture, passing into fine grained 
uneven, slaty or splintery. Opaque, soft, 
and easily broken. Does not adhere to the 
tongue, and is flieagre to the touch. It 
has been found on the top of Uie Pentland 
hills in Scotland, and in Germany. 

7. ^dhewve slate —Colour light greenish- 
gray. Internal lustre dull; fracture in the 
large, slaty; in the small, fine earthy. Frag- 
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mf nt9 lUty. Optqae. ShiRinf|^«tre»k. Sec- 
tile. Easily broken or exfoliated. Adheres 
strongly to th^ tongue, and absorbs water 
rapidly with the emission of* air bubbles, 
and a crackling sound. It is found at Mont- 
inartre near Paris, between blocks of im- 
pure gypsufn, in large straight plates like 
sheets of pasteboard. It is found also at 
Menil Montant, enclosinsr menilite. Klap- 
roth's analysis is 62.5 silica, 8 magnesia, 
0.5 alumina, 0.25 lime, 4 oxide of iron, 22 
water,' and 0.75 charcoal. Its sp. gr. is 2.08. 

8. PoiUhiHg 8late of Werner. Colour, 

cream-yellow, in aHemate stripes. Mas- 
sive. Lustre dull. Slaty fracture. Frag- 
ments tabular. Very soft, and adheres to 
the tongue. Smooth, but meagre to the 
touch. Sp. gr. in its dry state 0.6; when 
imbu^ with . moisture 1.9. It has been 
found ^ly in Bohemia. Its constituents 
are 79 sittcs, 1 alumina, 1 lime, 4 oxide 
ttf iron, and 14 water. 

9. Commtn elatf may be considered to be 
the same as Inom — ^.Besidea the above, we 
have the analyses of some pure clays, the 
ftsalts of which show a very minute quan- 
tity of silica, and a large quantity of snl- 
phoric acid. Thus, in one analyzed by Hu- 
cbolz, there was 1 silica, 31 alumina, 0.5 
lime, 0.5 oxide of iron, 21.5 sulphuric acid, 
45 water, and 0.5 loss. Simon fotmd 19 35 
sulphuric acid in 100 parts. We must re- 
gard these clays as sub-sulphates of alu- 
mina. 

Clay Slate. Argillaceous Schistu^— 
the Argillite of Kirwan. Ck>lour, bluish-gray, 
smd grayish black of various shades. Mas- 
sive. Internal lustre shining or pearly. Frac- 
ture foliated. Fragments tabular. Streak, 
greenish -white. Opaque. Soft. Secttle. Ea- 
sily broken. Sonorous, when struck with 
a hard body. Sp. gr. 2.7. Its constituents 
are 48.6 silica, 23.5 ahimina, 1.6 magnesia* 
113 peroxide of iron, 0.5 oxide of manga- 
nese, 47 potash, 0.3 carbon, 0.1 sulphur, 
7.6 water and volatile matter. Clay-slate 
melts easily by the blow-pipe into a shining 
scoria. This mineral is extensively distri- 
hnted, forming a part of both primitive and 
transition mountains. The great beds of 
it are often cut across by &in seams of 
qoartz or carbonate of lime, which divide 
them into rhomboidal nnasses. Good slates 
should not imbibe water. If they do, they 
soon decompose by the weather. 

* Cl AT -Iron' Stone. See Orbs of 
laos.* 



• Climatb. The prevailing eonstitiN 
tion of the atmosphere, relative to heat, 
wind, and moisture, peculiar to any region. 
This depends chiefly on the latitude of the 
place, its elevation above the level of the 
sea, and its insular or continental position. 
Springs which issue from a considerable 
depth, and caves aboiit 50 feet under the 
surface, preserve a uniform temperature 
through all the vicissitudes of the season. 
This is the mean temperature of this coun- 
try From a comparison of observations. 
Professor Mayer constmcted the following 
empirical rule for finding the relation be- 
tween the latitude and the mean tempera- 
ture, in centesimal degrees, at the level of 
the sea. 

Multiply the Bqftare of the eonne of the 
latitude by the constant nvmher 29, the fin- 
duct i» the temperature. The variation of 
temperature for each degree of latitude is 
bence denoted centesimal ly with very 
great precision, by half the sine of double 
the latitude. 
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21.75 
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11484 
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2722 
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3.39 


38.1 
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1.94 


35.5 


1016 


80 


0.86 


33.6 
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85 


0.22 


32.4 
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0.0 
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00 



The following table represents the re- 
sults of some interesting observations made 
under the direction of Mr. Ferguson of 
Raith, at ^bbotshall in Fife, about 50 feet 
above the level of the sea, in latitude 56** 
IC. The large and strong bulbs of the 
thermometers were buried in the gproimd 
at various depths, while the stems rose 
above the surface, for inspection. 
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1816. 








1817. 








January, 


Ifooi, 


2/«t 


3/«B<. 


4feet, 


Ifi0i. 


2fi$t 


3/«rt. 


4.Aet, 


33^ 


36.3° 


40.7» 


43» 


35.6 


3a7 


40.5 


45.1 


February, 


33.7 


36 


39.0 


42 


37.0 


40.0 


41.6 


42.7 


March, 


35 


36.7 


39.6 


42.3 


39.4 


40.2 


417 


42.5 


April, 


39.7 


38.4 


41.4 


43.8 


45.0 


42.4 


42.6 


42.6 


May, 


44.0 


43.3 


43.4 


44.0 


46.8 


44.7 


44.6 


44.2 


June, 


51.6 


50.0 


47.1 


45.8 


51.1 


49.4 


47.6 


47.8 


July, 


54.0 


52.5 


55.4 


47.7 
49.4 


55.2 


SS.O 


51.4 


49,6 


Aujfust, 


50.0 


52.5 


50.6 


53.4 


53.9 


52.0 


50.0 


September, 


51.6 


51.3 


51.8 


50.0 


53.0 


52.7 


52.0 


50,7 


October, 


47.0 


49.3 


49.7 


49.6 


45.7 


49.4 


49.4 


49.8 


Nov^raber, 


4a8 


43.8 


46.3 


45.6 


41.0 


44.7 


47.0. 


47.6 


December, 


35.7 


40.0 


43.0 


46.0 


37.9 


40.8 


44.9 


46.4 


Mean of 
whole year. 


43.8 


44wl 


45.1 


46. 


44.9 


45.9 


46.2 


46.6 



Had the thermometera been sunk deep- 
«f , they would undoubtedly have indicated 
47.7, which is the mean temperature of the 
place, as is shown by a copious, springy. 

The lake of Geneva, at the depth of 1000 
feet, was found by Saussure to be 42°; and 
lielow 160 feet from the surface there is no 
monthly variation of temperature. The lake 
of Thun, at 370 of depth, and Lucerne at 
^40, had both a temperature of 41°, while 
^e waters at the surface indicated respiec- 
tively 64° and 68i° Fahr. Barlocci observ- 
ed, that the Lago Sabatino, near Rome, at 
the depth of 490 feet, was only 44^°, while 
the thermometer stoiod on its surface at 
77*' Mr. Jardine has made accurate obser- 
vations on the temperatures of some of the 
Scottish lakes, by which it appears, that 
the temperature continues uniform all the 
year round, about 20 fathoms under the 
surface. In like manner, the mine of Dan- 
nemora in Sweden, which presents an im- 
mense excavation, 200 or 300 feet deep, 
was observed at a period when the work- 
ing* was stopped, to have great blocks of 
ice lying at the bottom of it. The bottom 
of the main shaft of the silver mine of 
Kongsberg in Norway, about 300 feet deep, 
is covered with perpetual snow. Hence, 
likewise, in the deep crevices on JEtna and 
the Pyrenees, the snows are preserved all 
the year round. It is only, however, in such 
conraied situations that the lower strata of 
air are thus permanently cold. In a free 
atmosphere, the gradation of temperature 
is reversed, or the upper regions are cold- 
er, in consequence of the increased capaci- 
ty for heat of the air, by the diminution of 
the density. In the milder climates, it will 
be sufficiently accurate, in moderate eleva- 
tions, to reckon an ascent of 540 feet for 
each centesimal degree, or 100 yards for 
each degree on Fahrenheit's scide, of di- 
minished temperature. Dr. Francis Bu- 
chanan found a spring at Chitlong, iti the 
lesser valley of Nepal, in Upper Indii^ 



which indicated the tenperatore of 14.7 
centesimal degrees, which is 8.1° below 
the standard, for its parallel of latttude^ 
27° 38'. Whence, ai X 540 = 43r4 feet, 
is the elevation of diat valley. At the height 
of a mile this rule would g^ve about 33 
feet too much. The decrements of tem- 
perature augment in an accelerated pro- 
gression as we ascend. 

Ben Nevis, the highest mountain in Great 
Britain, stands in latitude 57^, ^iiere the 
curve of congelation reaches to 45S4 feet. 
But the altitude of the summit of the moun- 
tain is no more than 4380 feet; and there- 
fore, during two or three weeks in July, 
the snow disappears. The curve of conge- 
lation must evidently rise higher in sum- 
mer, and sink lower in winter, producing a 
zone of fluctuating ice, in which the ^te- 
dera are formed. 

In calculating the mean temperature of 
countries at different distances from the 
equator, the warmth has been referred 
solely to the sun. But Mr. Bald has pub^ 
lished, in the first number of the Edin- 
burgh Philosophical Journal, aooie facts 
apparently incompatible with the idea of 
the interior temperature of the eafth being 
deducible from the latitude of the place, 
or the mean temperature at the surface. 
The following ti^le presents, at one view* 
the temperature of air and water, in the 
deepest coal-mines in Great Britain. 

Whitehaven ColHery^ cvunty oj CumberlandL 
Air at the surface, • • - 55° F. 
A spring at the surface, - - 49 
Water at the depth of 480 feet, 60 
Air at same depth, - - - 63 
Air at depth of 600 feet, - p 66 
Difference between water at surface 
and at 480 feet, ... 11 

Workington Colliery, counhf of Cumberland. 
Air at the surface, - - - 56 
A sprinf^ at the surface, - - 48 



cu 



cu 



Water 180 feet down, - - 50*F. 

Water 504 feet under the level of the 
ocean, and knmediateljr beneath 
the Irish sea^ ... 60 

Difference between water at surface 
and bottom, .... 12 

Teem CotHery, etmnty of Durham. 
Air at pit bottom, 444 feet deep, 68 
Water at same depth, - - 61 
Difference between the mean tempe- 
rature of water at surface = 49*, 
and 444 feet down, - • 13 

Perc9f Main CoWery, county qf JWrMum- 

berland. 
Air at the surface, - - - 42 
Water about 900 feet deeper than the 
level of the sea, and under the bed 
of the river Tyne, - - 68 
Air at the same depUi, . . 70 
At this depth Leslie's hygrometer in- 
dicated diyness = 83 . 
Difference between mean tempera- 
ture of water at surface s= 49^, 
and at 900 feet down, - - 19 

Jarrow Colliery, county of Durham, 
Air at surface, ... 49i 

Water 883 feet down, • - 68 
Air at same depth, ... 70 
Air at pit bottom, ... 64 
Difference between the mean tempe- 
rature of water at surface = 49^, 
uid 883 feet down, . - 19 
The engine-pit of Jarrow is the deep- 
est perpendicular shai\ in Great 
Britain, ^eing 900 feet to the foot 
of the pumps. 

JSXUngworth Colliery, county ^f Mrthum- 
berland. 
Air at the surface, - - • 48 
Air at bottom of pit, 790 feet down, 51 
Air at depth of 900 feet from the 
surface, after having traversed a 
mile and a half from the bottom 
of the downcast pit, - - 70 
Water at the most distant forehead 
or mine, and at the great depth of 
1200 feet from the surface, 74 

Air at the same depth, ' - 77 
Difference betwixt the mean tempe- 
rature of the water at the surface 
= 49*, and water at the depth of 
1200 feet, .... 25 
Distilled water boils at this depth at 213 
Do. do. at surface, - 310^ 

M. Humboldt has stated, that the tem- 
perature of the silver mine of Valenciana 
in New Spain is 11^ above the mean tem- 
perature of Jamaica and Pondicherry, and 
that this temperature is not owing to the 
miners and their lights, but to local and 
£reological causes. To the same local and 



causes, we noel ascribe the es^ 

lary elevation of temperature ob« 
served by Mr. Bald. He further remarks^ 
that the deeper we descend, the drier we 
find the strata, so that the roads through 
the mines require to be watered, in order 
to prevent the horsedrivers from being an- 
noyed by the dust. This fact is adverse to 
the hvpothesis of the heat proceeding from 
the cnemical action of water on the strata 
of coaL As for the pyrites intermixed wititi 
these strata, it does not seem to be ever 
decomposed, while it is in eitu^ The per* 
petual circulation of air for the respiration 
of the miners, must prevent the lights from 
having any considerable influence on the 
temperature of the mines. 

The meteorological observations nov 
made and published with so much accura* 
cy and regularity in various parts of the 
world, will soon, it is hoped, make us bet« 
ter acquunted with the various local causei 
which modify climates, than we can pre- 
tend to be at present. The accomplished 
philosophical traveller, M. de Humboldt, 
published an admirable systematic view of 
the mean temperatures of different places, 
in the third volume of the Memoirs of the 
Society of Arcueil. His paper is entitled^ 
of Isothermal Lines (lines of the same tem- 
perature), and the I^stribution of Heat 
over the Globe. By comparing a great num- 
ber of observations made between 46° and 
48* N. lat, he found, that at the hour of 
sun-set the temperature is. very nearly the 
mean, of that at sun-rise and two hours af- 
ter noon. Upon the whole, however, he 
thinks, that the two observations of the 
extreme temperatures, will give us more 
correct results. 

The difference which we observe in cul-- 
tivated plants, depends less upon mean tem- 
perature, than upon direct light, and the 
serenity of the atmosphere; but wheat will 
not ripen if the mean temperature descend 
to 47.6*. 

Europe may be regarded as the western 
part of a great continent, and subject to all 
those influences, which make the western 
sides of all continents warmer than the eas- 
tern. The same difference that we observe 
on the two sides of the Atlantic, exists on 
the two sides of the Pacific. In the north 
of China, the extremes of the seasons are 
much more felt than in the same latitudes 
in New California, and at the mouth of the 
Columbia. On the eastern side of North 
America, we have the same extremes as in 
China; New-Tork has the summer of Rome, 
and the winter of Copenhagen; Quebec has 
the summer of Paris, and the winter of 
Petersburgh. And in the same way in 
Pekin, which has the mean temperature of 
Britain; the heats of summer are greater 
than those at Cairo, and the cold of winter, 
as severe as that at Upsal. This analogy 
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iwlwcttn tfie eftitern ootsts of Asia Ahd of 
America, sufficiently proves, that the in- 
equalities of the seasons, depend upon the 
prolongation and enlar^i^einent of the conti- 
nents towards the pole, and upon the fre- 
quency of N. W. winds, and not upon the 
proximity of any elevated tracts of coun- 
try. 

Ireland, says Humboldt, presents one of 
the most remarkable examples of the com- 
bination of very mild winters with cold 
summers; the mean temperature in Hunga- 
ry for the month of Aujrust is 71.6^; while 
in Dublin it is only 60.8". In Belgium and 
8cfitland» tiie winters are milder tiian at 
Milan. 

In the article Climate, Supplement to the 
fincydopaedia Bntannica, the following ve- - 
ry simple rule is g^ven, for determining the 
change of temperatureproduoed by- sudden- 
rarefaction or condensation of air. Multi- 
ply 25 bif $he tUjfgrence betweeft the dnuity 
^ air, and it» reciprocal, the product tnll be 
the difference ^temperature on the eentijp^ade 
ecaie. Thus, if the density be twice, or one 
half SA** X (2— i) = 37i^ cent. = er.b** 
Fkhr. indicates the change of temperature 
by doubling the density or rarity of air. 
Were it condensed 30 times,. then, by this 
formula, we have 749^ for Uie elevation of 
temperature, or 25* (30 — yV)- ^^^ M- 
Gay-Lussac says, that a condensation of air 
mto one-fifth of its volume, is sufficient to 
ignite tinder; a degree of heat which he 
9Utes at 300* centigrade = 57^2* Fahr. 
(Journal of Science, vol. vii. p. 177). This 
experimental result is incompatible with 
Professor Leslie's Formula, which gives 
only 112.6®, for the heat produced by a 
condensation into one-fifth. 

It appears very probable, that the cU- 
matea of European countries were more 
severe in ancient times than they are at 
present. Ctesar says, that the vine could 
not be cultivated in Gaul, on account of its 
winter-cold. The rein-deer, now found on- 
ly in the zone of Lapland, was then an in- 
habitant of the Pyrenees. The Tiber was 
frequently frozen over, and the ground 
about- Rome covered with snow for several 
weeks together, which almost never hap- 
pens in our times. The Rhine and the Dan- 
ube, in the reign of Augustus, were gene- 
rally frozen over, for several months of 
winter. The barbarians who overran the 
Roman empire a few centuries afterwards. 



transported their armies and wagons across 
the ice of these rivers. The improvement 
that is continually taking place in the cli- 
mate of America, proves, that the power 
of man extends to phenomena, which from 
the magnitude and variety of their causes, 
seemed entirely beyond his controul^ At 
Guiana, in South America, within five de- 
grees of the line, the inhabitants living 
an)id immense forests, a century ago, were 
obliged to alleviate the severity of the 
cold, by evening fires. Even the duration 
of the rainy season 'has- been shortened 
by the clearing of the country, and the 
warmth is*, so increased, that a fire now 
would be deemed an annoyance. \t thun- 
ders continually in the woods, rarely in the 
cultivated parts. 

Drainage of the ground, and removal 
of forests, however, cannot be reckoned 
among the sources of the increased warmth 
of the Italian winters. ' Chemical writers 
have omitted to notice an astronomical 
cause of the progressive amelioration of 
the climates of the northern hemisphere. 
In consequence of 4he apogee "portion of 
tlie terrestrial orbit being coiitained be- 
tween our vernal and autumnal equinox,'our 
summer half of the year, or the interval 
which elapses between the sun's crossing 
the equator in spring, and in autumn, is 
about seven days- longer than our winter 
half year. Hence also, one reason for the 
relative coldnesa of the southern hemis- 
phei*e.* 

leothermal Bande, and Dtriributien of Eeut 

ever the Globe. 
The temperatures are expressed In de- 
grees of Fahrenheit's thermometer; the lon- 
gitudes are counted from east to west, from 
the first meridian of the observatory of 
Paris. The mean temperatui*e of the sea- 
sons has been calculated, so that the 
months of December, January, ami Feb- 
ruary, form the mean temperature of the 
winter. The mark * is ptVfixed to those 
places, the mean temperatures of which 
have been determined with the most pre- 
cision, generally by a mean of 8000 obser- 
vations. I'he isothermal curves having a 
concave summit in Europe, and two con- 
vex summits in Asia and Eastern America, 
the climate is denoted to which the indivi- 
dual places belong:— 
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* Clivkstovs. a stone of an imper- 
fectly slaty etnicture, which rings like me- 
tal when struck with a hammer. Its co- 
lour is gny of various shades; it is brittle; 
as hard as feldsi>ar, and translucent on the 
edges. It occurs in columnar and tabular 
concretions. Sp. gr. 3.57. Fuses easily in- 
to a nearly colourless glass. Its oonsti- 
tuems are 57.25 silica, 35.5 alumina, 3.75 
nine, 8.1 soda, 3.25 oxide of iron, 0.35 
oxide of manp^anese, and 3 of waters— 
JDaproth. This stone generally rests on 
basalt. It oociiTs in the Ochil and Pent- 
land bills, the Bass-rock, the islands of 
Mall, LamUsh, and Islay, in Scotland;' the 
Breidden hills in Montgomeryshire, and in 
the Devis Mountain, in the county of An- 
trim. It is foond in Upper Lusaoe and Bo- 
hemia.* 

f Clxho METER. An instrument for 
measuring the dip of mineral strata. It 
va3 originally inyented by R. Griffith, Esq. 
Professor of Geology to the Dublin Society, 
and subsequently modified by Mr. Jardine 
and Lord Webb Sejrmour. Seeadescrip- 
tioh-and drawing by the latter, in the third 
▼olunae of the Geological Transactions/ 
liord Webb's instrument was a Tctj per- 
fect one. It was made by that unnvalled 
ardst^ Mr. Trooghton.* 

* Cloud. A mass of Tapour, more or 
less <M>aque, formed and sustained at con- 
siderable heights in the atmosphere, pro- 
bably by the joint agencies of heat and 
electricity. The first successful attempt 
to arrange the diversified forms of clouds, 
under a few general modifications, was 
made by Lake Howard, Esq. We shaU 
giTe here a brief account of his ingenious 
classification. 

The mmple modifications are thus named 
and defined. 1. Cirrut. Parallel, flexu- 
ous, or diverging fibres, extensible in any 
or in- ail directions. 2. Cumulus. Convex 
or conical heaps, increasing upwards from 
a horizontal base. 3. Stratus, A widely 
extended, conttnuous horizontal sheet, in- 
creasing from below. 

The intermediate modifications which 
require to be noticed are, 4. Cirrs^eumulus. 
Small well-defined roundish masses, in 
dose horizontal arrangement. 5. Cirro- 
stratus. Horizontal, or slightly inclined 
masses, attenuated towards a part or the 
whole of their circumference, bent down^ 
ward, or undulated^ separate or in groups, 
consisting of small clouds having these 
characters. 

The tonpssmd modifications ate, 6. Cu- 
mulo-stratus. The cirro-stratus, blended 
with the cumulus, and either appearing in- 
termixed with the heaps of the latter, or 
superadding a Wlde<«pread structure to its 
base. 

7. thnmUthcirro'StPAtusj ye\ Mmbus. The 
rain CfdQd. A cloud or system of clouds 



from which run is falling.' iCiitL hori- 
zontal sheet, above which the cirrus 
spreads, while the cumulus enters it la- 
terally and from beneath. 

The cirrus appears to have the least 
density, the greatest elevation, the great- 
est variety of extent and direction, and to 
appear earliest on serene weather, being 
indicated by a few threads pencilled on the 
sky. Before storms they appear lower and 
denser, and usually in the quarter oppo- 
site to that from which the storm arises. 
Steady high winds are also preceded and 
attended by cirrus streaks, running quite 
across the sky in the direction they blow 
in. 

The cumulus has the densest structure, 
is formed in the lower atmosphore, and 
moves along with the current next the 
earth. A small irregular spot first appears 
and is as it were the nucleus on which they 
increase. The lower surface continues ir* 
regularly plane, while the upper rises into 
conical or hemispherical heaps; which may 
afterwards continue long nearly of the same 
bulk, or rapidly rise into mountains. They 
will begin, in fair weather, to form some 
hours after sunrise, arrive at their max- 
imum in the hottest part of the afternoon, 
then go on diminishing and totally dis- 
perse about sunset Previous to ratii, the 
cumulus increases rapidly, appears lower 
in the atmosphere, and with its surface 
lull of loose fleeces or protuberances. The 
formation of large cumuli to leeward in a 
strong wind, indicates the approach of a 
calm with rain. When they do not disap- 
pear or subside about sunset but continue 
to rise, thunder is to be expected in the 
night. The stratus has a mean degree of 
density, and is the lowest of clouds, its in- 
ferior surface commonly resting on the 
earth or water. This is properly the cloud 
of night, appearing about sunset. It com- 
prehends aU those creeping mists which 
in calm weather ascend in spreading sheets 
(4ike an inundation of water), from the 
bottom of valleys, and the surfaces of lakes 
and rivers. On the return of the sun, the 
level surface of this cloud begins to put on 
appearance of cumulus, the whole at the 
same tii9e separating from the ground. 
The continuity is next destroyed, and the 
cloud ascends and evaporates, or passes 
off with the appearance of the nascent cu- 
mulus. This has long been experienced 
as a prognostic of fair weather. 

Ihe cirrus having continued for some 
time increasing or stationary, usually 
passes either to the cirro-cumulus or the 
cirro-stratus, at the same time descending 
to a lower station in the atmosphere This 
modification forms a very beautiful sky; is 
frequent in summer, an attendant on warm 
and dry weather. The cin'o-stratus, when 
seen in the distance, frequently gives the 
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idea «f sh«al» of fith^ It precedes wind 
and rain; is seen in the interTals of storoM; 
and sometimes aliemates with the cirro* 
cumulus in the same cloud, when the dif- 
ferent evolutions form a corious spectacle. 
A judgment may be formed of tlte weather 
likely to ensue by observing* which modifi- 
cation prevails at last. The solar and lu- 
nar kaio»t as well as the parhelion and 
paraselene, (mock sun and mock moon), 
progfnostics of foul weather, are occasioned 
by tliis cloud. The cumulo-stratus pre- 
cedes, and the nimbus accompanies rain. 
SeeKaiN. 

Mr. Howard g^ves a view of the origin 
of clouds, which will be found, accompa- 
nied with many useful remarks, in tlie I6lh 
and 17tb volumes of the l^hilos. Magazine.* 

Clyssus. a word formerly used to de- 
note the vapour produced by the detona- 
tion of nitre with any inflammable sub- 
stance. 

- Co AK. Coal is charred in the same man- 
nar as wood- to convert it into charcoal. An 
o|»long square hearth is prepared by beat- 
ing* the earth to a firm flat surface, aiid 
puddling it over with clay. On this, the 
pieces of coal are piled up, inclining to- 
ward one another, and those of tiie lower 
strata are set up on their acutest angle, 
so as to touch the ground with the least 
surface possible. The piles are usually 
from 30 to 50 inches high, from 9 to 16 
feet broad, and contain from 40 to 100 
tons of coal. A number of vents are left, 
reaching from top to bottom, into which 
the burning fuel ia thrown, and they are 
then immediately closed with small pieces 
of coal beaten hard in. Thus the kindled 
fire is forced to creep along the bottom, 
and when that of all the vents is united, it 
rises gradually, and bursts out on evt^y 
side at once. If thf* coal contain pyrites, 
the combustion is allowed to continue a 
considerable time after the disappearance 
of the smoke, to extricate the sulphur, part 
of which will be found in flowers on the 
surface: If it contain none, the fire is cover- 
ed up soon after the smoke disappears, be- 
ginning at the bottom, and proceeding gra- 
dually to the top. Ill 50, 60, or 70 hours, 
the fire is in general completely dovered 
with the ashes of char formerly made, and 
in 12 or 14 days the coak may be removed 
for use. In this way a ton of coals com- 
monly produces from 700 to. 1100 pounds 
of coak. 

In this way tlie volatile products of the 
coal, howev<i-, wliici) might be turned to 
good account, are lost: but some years 
ago, Ix)rd- Dundonuld conceived ami car- 
ried into eff*ect, a plan for saving them. Ry 
burn in ji;- the coal in a range of 18 or 20 
stoves, with as little access of air as may 
be, at the bottom; and conducting the 
''moke, through proper horizontal tunnels. 



to ft capacious close tunael 100 jaidtf or 
more in length, built of brick, supported 
on brick ardies, and covered on the top 
by a shallow pond of water; the bitumen is 
condensed in the form of tar? 120 tons of 
coal yield about 3i of tar, though some 
coals are said to be so bituminous as to 
aflbrd l-fith of their weight Part of the 
tar is inspissated into pitch, 21 barrels of 
which are made of 28 of tar; and the vola- 
tile parts arising in this process are con- 
densed into a varnish, used for mixing 
with colours for out -door painting chiefly. 
A quantky of ammonia too is collected, 
and used for making sal ammoniac. The 
cakes thus made are likewise of superior 
quality. 

* Coal. This very important order of 
combustible minerals, is divided by Pro- 
fessor Jameson into the following species 
and sub-species: 

Species 1. Urown coal, already described. 

Species 2. Black coal, of which there are 
four sub-species, slate coal, cannei coal^ 
foliated coal, and coarse coal. 

1. Staie coaL Its colour is intermediate 
between velvet-black, and dark- grayish- 
black. It has sometimes a peaeock-tail 
tarnish. It occurs massive, and in colum- 
nar and egg-shaped concr^ons. It has a 
resinous lustre. Principal fracture slaty; 
cross fracture, imperfect oonchoidal.- Hard- 
er than gypsum, but softer than calcareous 
spar. Brittle* Sp. gr. 1.26 to 1.38 It 
bums longer than cannei cosl; cakes mora 
or less, and leaves a slag. The constitu- 
ents of the slate coal of Whitehaven, by 
Kirwan, are 56.8 carbon, with 43.2 mixture 
of asphalt and maltha, in which the former 
predominates. This coal is found in vast 
quantities at Newcastle; in the coal for- 
mation which stretches from Bolton, by 
Allonby and Workington, to Whitehaven. 
In Scotland, in the river district of Forth 
and Clyde; at Cannoby, Sanquhar, and Kir* 
connel, in Dumfries-shire; in Thuringia^ 
Saxony, and many other countries of Ger- 
many. It sometimes passes into cannei 
and foliated coal. 

3. Cannei eoeU. Colour between velvet 
and grayish-black. Massive- Resinous lus- 
tre. Fracture, flat-conchoidal, or even^ 
Fragments trapezoidal. Hardness as in 
the preceding sub-species. Brittle. Sp. 
gr. 1.23 to 1.27. It occurs alon^ with the 
preceding. It is found near Whitehaven, 
at Wigan, in Lancashire, Brosely, in Shrop- 
shire, near Sheffield; in Scotland, at Gil* 
merton and Muirkirk, where it is called 
parret coal. It has been worked on the 
lathe into drinking vessels, snuflT-boxes, &c. 

3. F»liated C9al Its colour is velvet- 
black, sometimes with iridescent tarnish. 
Massive, and in lamellar concretions. Re* 
sinous or splendent lustre; uneven fracture, 
fragments approaching to trapezoidaL Soft* 
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ertlian etniiel coal; between brittle and 
sectile. Easily broken. Sp.gr. l.J4to 1.4. 
The Whitehaven variety consists, by Kir- 
wan, of ST carbon, 41.3 bitumen; and 1.7 
ashes. It occurs in the coal formations of 
tbis and other countries. It is distini^ish- 
ed by its lameliar concretions, splendent 
Ittstre, and easy frangibility. 

4. Coarw coal. Colour dark, grayish- 
black, inclining to brownish-black. Mas- 
sive, and in granular concretions. Glisten- 
ing lustre. Fracture imperfect scaly. Frag- 
ments indeterminate angular. Hardness 
as above. Easily frangible Sp. gr. 1.454 
It occurs in the German coal formations. 
To the above. Professor Jameson has ad- 
ded 89ot-coal; which has a dark grayish- 
black colour; is massive; with a diUl semi- 
metallic lustre. Fracture uneven; some- 
times earthy. Shining streak; soils; is soft, 
light, and easily frangible. It bums with . 
a bituminous smell, cakes, and leaves a 
small quantity of ashes. It occurs along 
with slate-coal in West-Lothian and the 
Forth district; in Saxony and Silesia. 

Species 3d. Olance-coal, of which the 
Professor gives two sub-species, pitch-coal, 
and glance-coal. 1. l*itch-coaL Colour vel- 
vet-black. Massive, or in plates and bo- 
ttioidal branches, with a woody texture. 
Splendent and resinous. Fracture, large 
perfect conchoidal. Fragments sharp-edged 
and indeterminate angular; opaque; soft; 
streak brown coloured. Brittle. Does not 
soil. Sp. gr. 1.3. It bums With a greenish 
fiame. It occurs along with brown coal in 
bi^ds, in floetz, trap, and limestone rocks, 
and in bituminous shale. It is found in the 
Isles of Sky and Faroe; in Hessia, Bavaria, 
Bohemia, and Stiria. It is used for fuel, 
and for making vessels and snuff-boxes. It 
is called bkck amber in Prussia, and is 
cut into rosaries and necklaces. It is dis- 
tinguished by its splendent lustre and con- 
choidal fracture. It was formerly called 
jetf from the river Gaga in'Lesser Asia: 

2. Glance-coal; of which we have four 
kinds, conchoidal, slaty, columnar, and fi- 
brous. The conchoidal has an iron -black 
colonr, inclining to brown, with sometimes 
a tempered steeUvamish. Massive and ve- 
sicular. Splendent, shining and imperfect 
metallic lustre. Fracture flat -conchoidal; 
fragments sharp-edged. Hardness as above. 
Brittle, and easily frangible. In thin pieces, 
it yiekls a ringing sound. It bums without 
ftame or smell, and leaves a white coloured 
Vh- Its constituents are 96 66 inflamma- 
ble matter, 2 alumina, and 1.38 silica and 
iron. It occurs in beds in clay-slate, gray- 
wacke.and alum-slaie; but it is more abun* 
dant in secondary rocks, as in coal and 
trap formations. It occurs in beds in the 



coal formations of Ayrshire, neaf Cumnock 
and Kilmarnock; in the coal district of the 
Forth; and in Staffordshire. It appears to 
pass into slaty glance-coal. 

Slaiif glance-coal Colour iron-black. 
Massive. Lustre shining, and imperfect 
metallic. Principal fracture slaty; coarse 
fracture imperfect conchoidal. Fragments 
trapezoidal.' Softer than conchoidal glance- 
coal. Easily frangible; between sectile and 
brittle. Sp. gr. 1.50. It bums without 
flame or odour. It consists, by Dolomieu, 
of 72.05 carbon, 13.19 silica, 3.29 alumina^ 
3.47 oxide of iron, and 8 loss. It occurs in 
beds or veins in different rocks. In Spain, 
in gneiss; in Switzerland, in mica-slate and 
clay-slate; in the trap rock of the Calton- 
bill, Edinburgh; in the coal formations of 
the Forth district. It is found also in the 
fioetz districts of Westcndgs, in West Lo« 
thian, Dunfermline, Cumnock, Kilmarnock, 
and Arran; in Brecknock, Caermarthen- 
•bire, and Pembrokeshire, in England; and 
at Kilkenny, Ireland; and abundantly in the 
United States. In this country it is called 
blind coal. 

Columnar glance-coal. Colour velvet-black 
and grayish-black. Massive, disseminated^ 
and in prismatic concretions. Lustre 
glistening, and imperfect metallic. Frac- 
ture conchoidal. Fragments sharp-edged. 
Opaque. Brittle. Sp. g^*. 1.4. It bums 
without flame or smoke. It forms a bed 
several feet thick in the coal^ld of San- 
quhar, in Dumfries-shire; at Saltcoats, in 
Ayrshire, it occurs in beds and in greem 
stone; in basaltic coliunnar rows near Cum- 
nock, in Ayrshire. 

Fihroua coal. Colour dark grayish-blaekt 
Massive, in thin layers, and in fibrous con« 
cretions. Lustre glimmering, or pearly: 
It soils strongly. It is soft, passing into 
friable. It burns without flame; but some 
varieties 8cai*oely yield to the most intense 
heat. It is met with in the different coal- 
fields of Great Britain. Its fibrous concrei 
tions and silky lu&tre disting»uish it from 
all the other kinds of coal. 

It is not certain that this minertl i» 
wood mineralized. Several of the varieties 
may be original carbonaceous matter, crys- 
tallized in fibi*ous concretions.— /ttine««n. 

Parto. Charcoal. Earth. 

100 Kilkenny coal contain 973 3.7 

Anthracite, - 90.0 10.0 

Ditto, - - 72.0 20;0 

Ditto, - - 97.25 2.7 

Coal of Notre Dame de Vaux, 785 20 

The following table exhibits the results 
of xM r. Mushet's experiments on the car- 
lH>mzation and incineration of coals: 
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Welsh furnace coal, . - - - 
Alfreton do. do. ...» 

Butterly do. do 

Welsh stone do. • « - • 

Welsh slaty do 

Derbyshire cannel do. . - - 

Kilkenny coal, 

Stone-coal found under basalt, 
Kilkenny slaty coal, • . - 
Scotch cannel-coal, . - - . 
Bonlavooneen do. - "^ 
Corgee coal, - • - Wrish. 
Queen's County, No. 39.3 
Stone-wood, Giant's Causeway, 
Oak wood, 



Volatiie 


Char- 


Mhe». 


Sp.gr. 


Sp.gr. of 


matter 


coal. 


of coal. 


cook. 


8.50 


88.068 


3.432 


1.337 


1. 


45.50 


52.456 


2.044 


1.235 


less than 1. 


42.83 


52.882 


4.288 


1.264 


1.1 


8.00 


89700 


2.300 


1.368 


1.39 


9.10 


84.175 


6.725 


1.409 




4r.oo 


48.362 


4.638 


1.278 




4.25 


92.877 


2.873 


1.602 


1.65r 


16.66 


69.74 


13.600 






13.00 


80.475 


6.525 


1.445 




56,57 


39.430 


4.000 






13,80 


82.960 


3.240 


1.436 


1.596 


9.10 


87.491 


3.409 


1.403 


1.656 


10.30 


86.560 


3.140 


1.403 


1.622 


33;3r 


54.69711.933 


1.150 




80.00 


19.500 


0.500 







It was remarked l«ng ago by Macquer, 
that nitre detonates with no oily or in- 
flammable matter, until such matter is 
reduced to ooal, and then only in propor- 
tion to the carbonaceous matter it contains. 
Hence it occurred to Mr. Kirwan, that as 
eoals appear in distillation to be for the 
most part merely compounds of carbon and 
bitumen, it should follow, that by the de- 
composition of nitre, the qnantity of car- 
bon in a given quantity of every species 
of coal may be discovered, and the pro- 
portion of bitumen inferred. This cele- 
brated chemist accordingly projected on 
a certain portion of nitre in a state of fu- 
sion, successive fragments of various kinds 
of coal, till the deflagration ceased. Coal, 
when in Jine powder, was thrown oat of 
the crucible. The experiments seem to 
have been judiciously performed, and the 
results are therefore entitled to as much 
confidence as the method permits. Ldtvoi- 
aier and Kirwan state, that about 13 parts 
of dry wood-charcoal decompose 100 of 
nitre. 

100 pario. Charcoal. Bitumen. Earth. Sp. gr. 
Kilkeimycoal,97^ 3.7 1.526 

Comp. cannel, 75.2 21 68 maltha 3.1 1.233 
Swansey, . 73.53 23.14 mixt. 333 1.357 
Leitriro, 7143 23.37 do. 5.20 1.351 

Wigan, 61.73 367 do. 1.57 1268 

Newcastle, 58.00 40.0 do. — 1.271 
Whitehaven 570 41.3 17 1.257 

Slaty^annel, 47.62 32.52 mal. 20.0 1.426 
Asphalt, 31.0 68.0 bitumen -- 1.U7 
Maltha, 8.0 — 2.07 

100 parts of the best English coal give, 

of coak, - - 63. liy Mr. Jars. 
100 do, - . 73. Hielm. 
100 do. Newcastle do. 58. Dr. Watson. 
Mr. Kirwan says he copied the result, for 
Newcastle coal, from Dr. Watson. 

The foliated or cubical coal, and slate 
toal, are chiefly used as fuel in private 
houses; the caking coals, for smithy forges; 
the slate coal, ftom its keeping open, an- 



swers best for giving great heats in a wind 
furnace, as in distilTation on tlie great 
scale; and glance coal is used for drying 
grun and malt The cqals of South Wales 
contain less volatile matter than either the 
English or the Scotch; and hence, in equal 
weight, produce a double quantity of cast 
iron in smelting the ores of this metaL It 
is supposed that 3 parts of good Newcas- 
tle coals, are equivalent as fuel to 4 parts 
of good Scotch coals. 

Werner has ascertained three distinct 
coal formations, without including the beds 
of coal found in sandstone and limestone 
formations. The flrst or oldest formation, 
he calls the independent coal formation, 
because the individual depositions of which 
it is composed, are independent of each 
other, and are not connected. The second 
is that which occurs in the newest floets- 
trap formation; and the third occurs, in al- 
luvial land. Werner observes, that a fourth 
formation might be added, which would 
comprehend peat and other similar sub- 
stances; so that we would have a beautiful 
and uninterrupted series, from the oldest 
formation to the peat, which is daily form- 
ing under the eye. 

The in<hpendent formation contains ex- 
clusively coarse coal, foliated coal, cannel 
coal, slate coal, a kind of pitch coal, and 
slaty glance coal. The latter was first 
found in this formation in Arran, Dum- 
fries-shire, Ayrshire, and at Westcraigs, 
by Professor Jameson. The formation in 
the newest flpetz-trap contains distinct 
pitch coal, columnar coal, and conchoidal 
glance coal. The alluvial formation con- 
tains almost exclusively earth coal and 
bituminous wood. The first formation be- 
sides coal, contains three rocks which are 
peculiar to it; these are a conglomerate, 
which is more or less coarse-grained; a 
friable sandstone, which is always mica- 
ceous; and lastly, slate-clay. But' besides 
these, there occur also b^ds of harder sand- 
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Stone, marl, Hmestohe* porphyritic stone, 
Mtuminous shale, clay-ironstone; and as dis- 
covered by Professor Jameson, greenstone, 
amygdaloid, and graphite. The slate -clay 
is well characterized, by the great variety 
of vegetable impressions of such plants as 
flourish in marshes and woods. The 
smaller plants and reeds occur in casts or 
nnpressions always laid in the direction of 
the strata; but the larger arborescent plants 
often stand erect, and their stems are fil- 
led with the substance of the superincum- 
bent strata, which seems to show that these 
stems are in their original position. The 
leaves, and stems resemble those of palms 
and ferns. The central, northern and 
western coal mines of England; the river 
coal districts of the Forth and the Clyde, 
and the Ayrshire, and in part the Dum- 
fries-sfaire coals,' belong to this formation, 
as well as the coals in the northern and 
Western parts of France. 

By far the most valuable and extensive 
heds of coal which have been found and 
wrought, are in Great Britain. The gene- 
ral form of our great independent coal- 
beds, is semi-circular, or semi-elliptical, 
being the segment of a great basin. The 
strata have a dip or declination to the 
horizon of from 1 in 5, to 1 in 20. They 
are rarely vertical, and seldom perfectly 
boriiontal to any considerable extent. 
Slips and dislocations of the strata, how- 
ever, derange mpore or less the general 
form of the basin. 

Those who wish to understand the most 
improved modes of working coal mines. 
Will be amply gratified by consulting, ^ 
Meport on the Leinaier Coal District, by 
Richard Griffith, Esq. Professor of Ge- 
ology, and Mining Engineer to the Dublin 
Society. The author has given a most lu- 
minous tiew of Mr. Buddie's ingenious 
system of working and ventilating, in which 
from 7-8ths to 9-lOths of the whole coal 
may be raised; instead of only J, which 
was the proportion obtained in the former 
modes. Mr. Griffith has since published 
some other reports, the whole constituting 
an invaluable body of mining infijrmation.* 

• Coal Gas. When coal is subjected 
in close vessels to a red heat, it gives out 
a vast 'quantity of ^as, which being col- 
lected and purified, is capable of affording 
a beautiful and steady light, in its slow 
combustion through small orifices. Dr. 
Clayton seems to have been the first who 
performed this experiment, with the view 
of artificial illumination, though its appli- 
cation to economical purposes was unac- 
countably neglected for about 60 years. 
At length Mr. Murdoch of the Soho 
-Foundry, instituted a series of judicious 
experiments on the extraction of gas from 
ignited coal; and succeeded in establishing 
^n^ of the most capital in^rovements 
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w^ch the arts of life haTe- ever d^riired 
from philosophical research and sagacity. 

In the year 1798; Mr. Murdoch, a^r se« 
veral trials on a small scale five years be* 
fore, constructed at the Foundry of Messrs. 
Bolton and Watt, an apparatus upon a large 
scale, which during many successive nights 
was applied to the lighting of their prin- 
cipal building; and various new methods 
were practised of washing and purifying 
the gas. In the year 1805, the cotton miU 
of Messrs. Philips and Lee, reckoned the 
most extensive in the kingdom, was partly 
lighted by gas under Mr Murdoch's di- 
rection; and the light was soon extended 
over the whole manufactory. In the same 
year, I lighted up the large lecture-room 
of Anderson's Institution with coal-gas, 
generated in the laboratory; and continued 
the illumination every evening through 
that and the succeeding winter. Hence I 
was induced to pay particular attention to 
the theory and practice of its production 
and use. 

If coal be put into a cold retort, and 
slowly exposed to heat, its bitumen is 
merely volatilized in the state of conden- 
sible tar. Little gas, and that of inferior 
illuminating power, is produced. This dis- 
tillatory temperature may be estimated at 
about 600® to 700® F. If the retort be 
previously brought to a bright cherry-red 
heat, then the coals, the instanft after their 
introduction, yield a copious supply of 
good gas, and a moderate quantity of tarry 
and ammoniacal vapour. But when the re- 
tort is heated to nearly a white incandes- 
cence, the part of the gas richest in light, 
is attenuated into one of inferior quality, 
as I have shown in detailing BerthoUet-^s 
experiments on Car buret ted Hydro- 
gen. A pound of good cannel coal, pro- 
perly treated in a small apparatus, will 
yield five cubic feet of gas, equif^nf in 
illuminating power to a mould caMe,six 
in the pound. See Candle. 

On the great scale, however, 3| oubie 
feet of good gas are all that should be ex- 
pected from 1 pound of coal. A gas jet, 
which consumes half a cubic foot per hour, 
affords a steady light equal to that of the 
above candle. 

According to Mr. Murdoch's statement, 
presented to the Royal Society, 2500 cu- 
bic feet of gas were generated in Mr; Lee's 
retort from 7 cwt.=784 lbs. of cannel coal. 
This is nearly 3^ cubic feet for every 
pound of coal, and indicates judicious 
management. The price of the best Wi- 
gan cannel is 13id. per cwt. (23«. 6<f. per 
ton) delivered at Mr. Lee's mill at Man- 
chester; or about 8#. for the seven hundred 
weight About ^ of the above quantity of 
of good coihmou coal at 10«. per ton, is 
required for fuel to heat ^ retorts. Near- 
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Ijr 4 of the veifht of the coftl remaiiM in 
the retort in the form of conk, which is 
sold on the spot at 1«. 4d, per cwt. The 
quantity of tar produced from each ton of 
c«mel coai, is from 11 to 12 ale f^allons. 

The economical statement for one year 
is given by Mr. Murdoch thus: 
Cost of 110 tons of cannel coal, 1125 

Ditto of 40 tons of common ditto, 20 

145 
Deduct the value of 70 tons of coak, 93 

The annual expenditure in coal, with- 
out allowing any thing for tar, is 52 

And the interest of capiul, and wear 
and tear of apparatus, - - 350 

Making the total annual expense of 
gas apparatus about - - 600 

That of candles to give the same light, 2000 

If the comparison had been made upon 
an average of three hours per day, 
instead of two hours, (all the year 
round), then the cost from gas 
would be only . - - 650 

IMtto candles, .... 3000 

The peculiar softness and clearness of 
this light, with its almost unvarying inten- 



sity, toon hronglit it into great ikvoiir with 
the work-people. And its being free from 
the inconvenience and danger, resulting 
from the sparks and frequent snuffing of 
candles, is a circumstance of material im- 
portance, tending to diminish the hazard 
of fire,'and lessening the high insurance 
premium on cotton-mills. The cost of the 
attendance upon candles would be fully 
more than upon the gas apparatus; and 
upon lamps greatly more, in such an es- 
tablishment as Mr. Lee's. The preceding 
statements are of standard authority, far 
above the suspicion of empiricism or ex- 
aggeration, from which many subsequent 
statements by gas-book compilers are by 
no means exempt. 

At the same manufactory, Dr. Henry has 
lately made some useful experiments on 
the quality of the gas disengaged from the 
same retort at different periods of the de- 
composition. 1 have united in the follow- 
ing table, the chief part of his results. He 
collected in a bladder the gas, as it issued 
from an orifice in the pipe, between the 
retorts and the tar pit; and purified it af- 
terwards by agitation in contact of quick- 
lime and water. Ten cwt. or 1120 lbs. of 
coal were contained in the retorts. 
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Dr. Henry conceives that gas to have the 
greatest illuminating power, which, in a 
given volume, consumes the largest quan- 
tity of oxygen; and that hence the gas of 
cannel coal is onethrrd better, than the 
gas from common coal. 3500 cubic feet 
of gas were collected from 11 20 pounds of 
the cannel coal; and only 3000 from the 
■Mne weight of the Clifton coal. 

From the preceding table, we see alsa 
thftt the gas which issues at the third hour 
tontainsy ia 100 parts, of sulphuretted Hy- 



drogen and carbonic acid, each 2*, of azote 
4|, olefiant gas 14i, and of other inflam- 
mable fases 76 parts. 

A cubic foot of carbonic acid weighs 800 
gr. A cubic foot of sulphuretted hydro- 
gen weighs 620. The first take9 about 1026 
gr. of lime for its saturation; the second 
about 1070; and hence 1050, the quantity 
assigned by Dr. Henry for either, is sufli- 
ciently exact. 100 cubic feet of the above 
impure gas, containing 5 cubic feet of these 
two gases, will require at least 9100 grains 
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of limey oi' aboiit 5 oz. avoirdupois fortlieir 
complete condensation. 

Tlie proportion employed by Mr. Lee, is 
5 pounds of fresh burned lime to 200 cu- 
bic feet of gas. The lime, after being 
slaked, is sifted, and mixed with a cubic 
foot (7.48 wine gallons) of water. This 
quantity of cream of lime, is adequate to 
the ordinary purification of the gas. Yet 
it will still slightly darken a card, coated 
with moistened white lead.. A second ex- 
posure to lime makes it absolutely pure. 

Meaxures. Oxygen. Carb. acid- 

lOOerude g«s, cwjsome 190 give 108 
100 gM, once washed, 175 100 

100 do. twice washed, 175 100 

What is separated by the first washing 
is probably vapour of bitumen or petrole- 
um, which would injure the pipes by its 
deposition, more than it would profit, by 
any increased quantity of light. Though 
we thus see that the second washing in the 
above experiment condensed none of the 
olefiant gas, it is prudent not to use unne- 
cessary agitation in a large body of water. 

The carbonate of lead precipitated from 
a cold solution of the acetate, by carbonate 
of ammonia, washed with water, and mixed 
with a little of that liquid into the consist- 
ence of cream, is well adapted to the sepa- 
ration of sulphuretted hydrogen from coal 
gas. The carbonic acid may tlien be with- 
drawn from the residuary gas, by a little 
M'ater of potash. We must now determine 
the azote present, which is easily done by 
firing a volume of this gas with thrice its 
volume of pure oxygen. W'hat remains af- 
ter agitation with water of pptash, is a mix- 
ture of azote and oxygen. Explode it with 
hydrogen; one-third of the diminution of 
volume shows the oxygen; the rest is azote. 
We have now to eliminate three quanti- 
ties, viz. the volume of defiant gas, tliat of 
common carburetted hydrogen, and that of 
carbonic oxide. Mr. Faraday ha& proved 
that chlorine acts pretty speedily on the 
second species of carburetted hydrogen, 
and therefore it cannot be employed with 
the view of condensing merely the first 
species. In contact with moisture, clilo- 
rine acts also rapidly on carbonic oxide, 
giving birth to muriatic and carbonic acids. 
If we be therefore deprived of all known 
means of chemical elimination, w§ shall find 
a ready and successful resource in the doc- 
trines of specific gravitjr. In any mixture 
of two solids, two liquids, or two gaserf, 
whose specific gravities are known, it is 
eafty to infer from tJie specific gravity of 
the compound (when the mixture is effect- 
ed without change of volume) the relative 
Weights of the two constituents. Thus if 
we apply to an alloy of gold and zinc, th* 
loldprobk^ of Archimedes, we shali de- 
VOL. t, . ' 



tenhine exactly the proportion of each me* 
tal present, because the volume of the al- 
loy is very nearly the sum of the volumes 
of its ingredients. I have long applied thia 
problem to gaseous mixtures, and found H 
a very convenient means of verification on 
many occasions, particularly in examining 
the nature of the residuary air in the lungs 
of the galvanized criminal, of which an ac- 
count is given in the 12th Number of the 
Journal of Science. 

Problem. — In 100 meaturet of ndxed 
ffaaeSf conaiating, for example , of olejiant gat, 
carbonic oxide, and mbcarburettedhydrogezig 
in unknown proportion8,to determine the guan" 
tity of each. The first step is to find the 
quantity of the two denser gases, which 
have the same specific gravity = 0.9720. ' 

Rule.— Multiply by 100, the difference 
between the specific gravity of the mixture^ 
and that of the lighter gas. Divide that 
number, by the sum of the differences of 
the sp. ^r. of the mixture, and that of the 
denser and lighter gas; the quotient is the 
percentage of the denser. See Gregory* $ 
Mechanics, vol. 1, p. 364. 

Example. — A mixture of defiant gas, 
carbonic oxide, and subcarburetted hydro- 
gen, has a sp. gr. of 0.638. 

What is the proportion per cent of the 
first two? 

• Sp. gr. of subcarb. hydrogen, is 0.555; 
0.638—0.555 = 0.083 .*. 100 X 0.083 = 
8.3. 

^•^^1 difference 332 „,^ -_nAi« • 
638 j.fT rtrto-) sum =0.415 

555 *^'"®*'®"<^® 0.083 

And Tf.vTT =^ 20 ~ volume of the two hea, 
vier gases; and therefore there are 80 of thQ 
lighter gas. Hence, having fired the whole 
with oxygen, we must allow 160 of oxygen, 
for saturating the 80 measures of the sub- 
carbui-^tted hydrogen. I'hen let us sup* 
pose 35 cubic inches more oxygen to have 
been consumed. We know that the satu- 
rating power of olefiant gas, and of carbonic 
oxide with oxygen, is in tlie ratio of 3 to 
0.5. Therefore, the quantity of olef. gas = 
35— (2 X 0.5) 25 
3:^10:5 "" %5 - ^0 measures. 

We see now, that a gas of sp. gr. 0.638 
consists of 

0.8 measures subcarb. hydrogen == 0.444 
0.1 do. olefiant gas = 0.097 

0.1 po. carb. oxide = 0.097 

0.638 

For further details see Gas. 

Dr. Henry-gives, at the end of his fxpe- 
)riments, (Manchester Memoirs, vol. iii. s& 
cond series), some hypotlieticaJ- represent> 
ations of the constitution of coal gases, ia 
one of which he assigns, 

. . aa ^ 
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2 of carburettcd hydrofen, 
2 of carbonic oxide, 
•nd 15 of pui'e hydrogen, in 18| mea- 
sures. 

With mixtures of three gaseous bodies, 
the problem of eliminating the proportion 
of the constituents, by explosion with oxy- 
gen, becomes complex, and several hypo- 
thetical proportions may be proposed. But 

1 can hardly imagine, that pure hydrogen 
should be disengaged from ignited coal, 
lliere is no violation of the doctrine of 
imiltiple proportions, in conceiving a com- 
pound to exist in which three or more 
atoms of hydrogen may be imited with one 
of carbon. BerthoUet's experiments rea- 
der this view highly probable, if the above 
hypothetical numbers were altered to 1.6; 
2.4; and 15; their accordance with Dr. Hen- 
ry's experiments would be improved. Now, 
this is a considerable latitude of adjust- 
ment. 

The principles laid down at the com- 
mencement of this article show, that the 
more uniformly the coal undergoes ig^ous 
decomposition, the richet is the gas. The 
retorts, if cylindrical, should not exceed, 
therefore, 12 or 14 inches diameter, and six 
or seven feet in length. Compressed cy- 
linders, whose length is ^ feet, breadth 

2 feet, and inbide vertical diameter about 
10 inches, have been found to answer well 
at Glasgow. The cast iron of which they 
are composed, must be screened from the 
direct impulse of the fire, by a caSe of fire- 
brick. 

On the maximum quantity of gas pro- 
curable from coal, it is difficult to acquire 
satisfactory information, at the great gas 
establishments. Exaggeration seems to be 
the prevailing foible. Mr. Accum gives the 
following tables, as the • maximum results 
of his own experiments, made at the Royal 
Mint g^s-works; — Cuhic feet 

of ffat, 
19.890 
19.608 
18.860 
9.748 
10.223 
10.866 
9.796 
16.584 
12.852 
12.096 
16.120 



Scotch cannel coal, 
Lancashire Wigan cannel, 
Yorkshire cannel, Wakefield, 
Staffordshire coal, 1st variety, 
By experim. at"^ 2d do. 
Birmingham C 3d do. 
gas works, j 4th do. 
Gloucester coal. High Delph, 
Do. Low Delph, 

Do. Middle Delph, 

Newcastle coal. Hartley, 

Cowper's High Main,15.876 
Tanfield Moor, - 16.920 
Pontops, - 15.112 

The following .varieties of coal, accord- 
ing to Mr. Accum, contain a less quantity 
of bitumen, and a larger quantity of car- 
bon than the preceding. They soften, swell, 
and cake on the fire, and are weU calciju 
lated for the production of coal gaa:-— 



One chaldron produces, 
Newcastle coal, Russel's Wall's-end, 16.876 
Bewicke and Graa- 

tor's Wall's-end, 16.897 
Heaton Main» - 15.876 
Bleyth. - - 12.096 
£den Main, - 9.600 
Primrose Main, - &348 

Concerning the duration of the decom- 
position of a retort-charge of one cwt., va- 
rious opinions are maintained. Mr. Peck- 
■ton's experiments at the gas light and 
coak company's works, Westminster sta- 
tion, seem to prove, that decided advan- 
tages attend the continuance of the process 
for eight hours, in preference to six, or 
any shorter period. The average product 
of gas, from one chaldron of Newcastle 
coals, at six hours' charges, he states at 
8,300 cubic feet, and at those of «ght hours, 
at 10,000. On 76 retorts, worked for a 
week at the latter rate, he gives a state- 
ment to prove, that there is a saving of 
771. 18«: above the former rate of working. 
Two men, one by day, and one by night, 
can attend nine or ten retorts, at eight 
hours charges, of 100 pounds of coal each. 
Scotch cannel yields its gas most rea- 
dily, or 1.00 

Newcastle coal, - - - 1.04 

Gloucester Low Delph, - - 1.08 
Newcastle. Brown's Wall's-cnd, - 1.18 
W^arwickshire, - - - 1.65 

Hence, the latter kinds afford good g^, 
long af\er the former are exhausted. 

The following table by Mr. Peckston 
exhibits the ratio at which the gas is 
evolved from Bewicke andCrastor's Wall's- 
end coal, when the retorts are worked at 
eight hours' chai-ges:— 

Cubic feet. Sunt. 
During the 1st hour are ge- 
nerated, 2000 
2d, 1495 3495 

3d, 1387 4882 

4th, 1279 6161 

5th, 1189 7350 

6th, 991 8341 

•7th, 884 9225 

8th, 77S 10000 

We have already explained the princi- 
ples of purifying ^ by milk of lime. But 
previous to its agitation with that liquid, 
it should be made to traverse a series of 
refrigeratory pipes submersed under cold 
water. A vast variety of apparatus, some 
very ingenious, but many absurd, have been 
contrived within these few years, for ex- 
posing gas to lime in the liquid or dry 
atate. Mr. Accum and Mr. Peckston have 
been at much pains in describing several 
of them. I'he gas holder is now generally 
preferred of a cylindrical shape, like an im- 
mense drum» open at bottom; and flat, or 
8lightl)r conical at top. The diameter ia from 
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o3 to 45 fe«t in the larg« estaMishments, 
and the height from 18 to 24. The average 
capacity is from 15000 to 20000 cubic feet. 
It is suspended in a tank of water by a 
strong iron chain fixed to the centre of its 
suninoit, which passing round a pulley, 
bears the counter-weight. When totally im- 
mersed in water, the sheet-iron, of which the 
gas holder is composed, loses hydrostatical- 
ly about yw of its weight; or if equipoised 
when immersed, it becomes -^ heavier 
when in air, mnu9 the buoyancy of the in- 
cluded g*8. The mean sp. gr. of well pu- 
rified coal-gas by Dr. Henry's late experi- 
ments may be computed at 0.676, to air 
called 1.000; or in round numbers, its den- 
sity may be reckoned two-thirds of that of 
air. One cubic foot of air weighs 527 gr., 
one cubit fbot of gas weighs 351 gr.; the 
difference is 176 g^. Hence, 40 cubic feet 
have a buoyancy of one pound avoirdupois. 

The hydrostatic compensation is obtain- 
ed by making the weight of that lengflh of 
the suspending chain which is between the 
top of the immersed gasometer and the 
tangential point of the pulley-wheel, equal 
to we-JifteerUh the weight of the gasometer 
in pounds, minus its capacity in cubic feet, 
divided by twice 40, or 80. Thus, if its 
weight be 4 tons, or 8960 lbs.; and its capa- 
city 15000 cubic feet, a length of chain equal 
to the height of the gasometer, or to its 
vertical play, should weigh 597 lbs. with- 
out allowing for buoyancy. In this case, 
the gasometer, when out of water, would 
have the buoyancy of that liquid, replaced 
by the passage of these 597 lbs. to the op- 
posite side of the wheel-pulley, so that 
twice that weight = 1194 lbs. would then 
be added to the constant counterpoise. 
When the gasometer again sinks, and loses 
its weight by the displacement of the li- 
quid, successive links of the chain come 
over above it, augmenting its weight, and 
diminishing that of the counterpoise, by a 
twofold operation, as in taking a weight 
oot of one scale, and putting it in the other. 

But we must now introduce the correc- 
tion for the buoyancy of the combustible 
gas. In ordinary cases, we must regard it 
as holding a portion of petroleum vapour 
diffused through it, and cannot fairly esti- 
mate its specific gravity at less than 0.750; 
whence nearly 50 cubic feet have a buoy- 
ancy of one pound over the same bulk of 
atmospheric air. If we divide 15000 by 50, 
the quotient = 300 is the double of what 
must be deducted in pounds weight from 
the hydrostatic compensation. Thus, 597 
— 150 = 447, is the weight of the above 
portion of chain. When the gasometer at- 
tains its greatest elevation, these 447 lbs. 
hang on the opposite side of the wheel, 
constituting an increased counterpoise of 
twice 447 = 894, to which, if we add the 
total buoyancy of the included gas = 300 



lbs. we have the sum 1194, equal to the 
total increase of the weight of the iron ves- 
sel on its suspension in air. 

t The following plan for suspending ga- 
someters was devised by me several years 
ago, and published in the Analeclic Maga- 
zine of this city for May 1817. 

** Account of an improved mode of sus- 
pending gasometers! by Dr. Hare. 

** It is well known to all who are con- 
versant in gas light apparatus, that no 
mode has been heretofore devised to ren- 
der gasometers accurately equiponderant 
at all points of their immersion in the wa- 
ter; a circumstance so indispensable to their 
action. The mode adopted in the large 
London establishments, and which appears 
to be the most approved, is that of the gas- 
ometer chain. This is costly; difficult to 
execute well, and not susceptible of cor- 
rection, when erroneously proportioned to 
the desired effect; especially af^er the ap- 
paratus is in operation. From all these 
faults, the method of suspension on a beam, 
like that in the following cut, is entirely 
free. In practice it has answered perfectly: 
and, when we have described the mode of 
constructing such a beam, we think the ra- 
tionale of its operation will become self- 
evident. 




Find (by trial, if possible; if not, by cal- 
culation) the weight of the gasometer when 
sunk so low, as that the top will be as near 
as possible to the water, without touching 
it. In the same way find the weight of the 
gasometer at the highest point of immer- 
sion, to which it is to rise, when in use. 
Then, as the weight in the last case, is to 
the weight in the first; so let the length of 
the arm A, be to the length of the arm B. 
From the centre D, with the radius A, de- 
scribe a circle; on which set off an arch C, 
equal to the whole height through which 
the gasometer is to move. Divide this into 
as many parts as there are spaces in it, 
equal each to one-sixth of the radius or 
length of arm A. Through the points thus 
found, draw as many diameters; which will. 
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«f eoufse, form a correspon^ng numberof 
radii and divisions, on the opposite side of 
the circle. Divide the difference between 
the length of A and B, by the sum of 
these divisions: and let the quotient be q. 
J'rom the centre D towards the side E, 6n 
radius 2, set off a distance equal to the 
length of the arm A, less the quotient or 
q. On radius 3, set off a distance equal to 
A, less 2 g, or twice the quotient; and so 
set off distances on each of the radii; the 
last being always less than the preceding, 
by the value of q. A curve line bounding 
the distances tlius found, will be that of 
the arch head K. The beam being sup- 
poi*ted on a gudgeon at D, let the gasome- 
ter be appended at G; and let a weight be 
appended at F, adequate to balance it at 
any one point of immersion. This same 
weight will balance it at all other points of 
its immersion — provided the quantity of 
Vater displaced by equal sections of the 
gasometer be equal. But as the weights 
on which A and B were predicated, may 
not be quite correct, and as. In the con- 
struction of large vessels, equability of 
thickness and shape cannot be sufficiently 
attained — the consequent irregular buoy- 
ancy is compensated by causing the weight 
to hang nearer to, or farther from the cen- 
tre, at any of the points taken in making 
the curve. This object is accomplished 
by varying the sliders seen opposite to the 
figures 1, 2, 3, 4, 5, 6. When they are 
properly adjusted, they are made firm by 
the screws of which the heads are visible 
in the diagram. 

The drawing is of a beam twelve feet 
in length; and of course the length of the 
arm A is six feet — that of B, four feet — 
their difference two feet; which divided by 
6, the number of points taken in making 
the curve E, gives four inches for the quo- 
tient q. Hence the distance on radius 2, 
was five feet eight inches — on radius 3, five 
feet four inches — on radius 4, five feet — on 
radius 5, four feet eight inches — on radius 
6, four feet four inches — and lastly four 
feet. 

The iron gudgeon, where it enters the 
beam, is square. The projecting parts are 
turned true, and should be bedded in brass 
or steel dies; placed, of course, on a com- 
petent frame. The sixth part of a revolu- 
tion of the portions of the gudg'eon thus 
supported, is the only source of friction 
to which this beam is subject during the 
whole period of the descent of the gasom- 
eter; — which, in large ones, does not ordi- 
narily take place in less than six hours.'^f 

The principles of the distribution of gas 
are exhibited in the following table, given 
by Mr. Peckston. The gas holder is work- 
ed at a pressure of one vertical inch of wa- 
ter, and each argand burner consumer five 
cubic finii per huur. 
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The following statement is given by Mr. 
Accum. An argand burner, which mea- 
sures in the upper rim half an inch in dia- 
meter between the holes from which the 
gas issues, when furnished with five aper- 
tures l-25th part of an inch diameter, con- 
sumes two cubic feet of gas in an hour, 
when the gas flame is one and a half inch 
high. The illuminating power of this burner 
is equal to three tallow candles eight in tlie 
pound. 

An argand burner three-fourths of an 
inch in diameter as above, and perforated 
with holes l-30thof an inch diameter (what 
number? probably 15) consumes three cu- 
bic feet of gas in an hour when tlie flame 
is 2i inches high, giving the light of four 
candles eight to the pound. And an argand 
burner seven-eighths of an inch diameter 
as above, perforated with 18 holes 1^2d 
of an inch diameter, consumes, when the 
flame is three inches high, four cubic feet 
of gas per hour, producing the light of six 
tallow candles eight to the pound. Increas- 
ed length of flame makes imperfect com- 
bustion, and diminished intensity of light. 
And if the holes be made laiger than l-25th 
of an inch, the gas is incompletely burnt. 
The height of the glass chimney should 
never be less than five Inches. 

The argand burner called No. 4, when 
burnt in shops from sunset till nine o'clock, 
is charged thaee pounds a-year. The dia- 
meter of its circle of holes is five-eightl)$ 
of an inch, and of each hole I^2d of an 
inch. It is drilled with 12 holes, 5^2ds of 
an inch from the centre of one to the cen- 
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tre iff another. Height of thx« hvraer 1} 
inches. 

No. 6, ar^and burner. 15 apertures of 
]^2d of an inch; diameter of their circle 
three-fourths of an inch; hei^^ht of burner 
two inches; chargfe per ann. four guineas. 

According to Mr. Accum, one gas iamp, 
consuming 4 cubic feet of gas in an hour, 
if situated 20 feet distant from the main, 
which supplies the gas» requires a tube not 
less than a quarter of an inch in the bore; 
2 lamps, 3 feet (^stance, require a tube 
three<eightbs of an inch; 3 lamps, 30 feet 
distance, require a tube three-eighths: 4 
lamps at 40 feet, one-half ineh bore; 10 
lamps, at 100 feet distance, require a tube 
three-fourths of an inch; and 20, 150 feet 
distant, li inch bore. 

We have seen that the average product 
in London from 1 pound of coal in 8 hours, 
is 3 j cubic feet In the Glasgow coal fgtM 
establishment, which is conducted by en- 
gineers skilled in the principles of che- 
mistry and mechanics, fully 4 cubic feet 
of gas are extracted from every pound of 
coal of the splent kind in 4 hour charges, 
from retorts containing each 120 lbs; which 
is about two-thirds of their capacity. I'he 
decomposing heat !■ much the same as that 
used in London, but the retorts are com- 
pressed cylinders, a little concave below. 
Hence in 8 hours, fully double the London 
quantity of g^s, is obtained from a retort 
in Glasgow. 

An ingenious pupil of mine, lately em- 
ployed by a projected gas company in Glas- 
gow to visit the principal factories of gas in 
England, made a series of accurate experi- 
ments on its illuminating quality in the dif- 
ferent towns. For this purpose, he caiTied 
along with him a mould candle, six in the 
pound, and a single-jet gas-nozzle. By at- 
taching this to a gas-pipe, and producing 
a flame of determinate length, (three 
inches), he could then, by the method of 
shadows, compare the flame of the gas 
with that of his candle, and ascertain their 
relative proportions of light. He found 
that the average illuminating power of the 
gas in the English establishments, was to 
that of the Gksgow company, as four to 
five; the worst being so low as three to 
five, and the best as ^ve to six. If we 
therefore multiply this ratio, into the dou- 
ble product of gfas obtained in the Glasgow 
gas-work, we shall have the proportion of 
light generated here, and in London, from 
an equal sized retort, in an equal lime, as 
IJO to 40. This result merits entire con- 
fidence. In the sequel of the article 
Light, in this Dictionary, instructions 
will be given how to calculate the relative 
illuminating powers of different flames. 

When the tar is passed through ignited 
iron pipes, it yields from 10 to Id cubic 
feet of gas per pound. The deposite of re- 



f^aetory avphthum, however, is ytty apt to 
obstruct the pipes; and the light afforded 
is perhaps of inferior quality. Hence tar 
is decomposed in very few establishments. 

The film of petroleum, which floats on 
the water of the gasometer tank, and that 
procured fiom the Ur by distillation, have 
been used instead of oil for street-lamps. 
The lamp fountain is kept on the outside 
of the g^ass lantern, and the flame is made 
small, to prevent an explosion of the vapo- 
rized naphtha. 

1430 lbs. of tar by boiling yield 9 cwt. 
of good pitch. From a chaldron of New- 
castle coal about 200 lbs. of ammoniacal 
liquor are obtained; a solution chiefly of 
the carbonate and sulphate. The strongest 
Hquor comes from the caking coal. A gal- 
lon, or 8i lbs. usually requires for satura- 
tion from fifteen to sixteen ounces of oil of 
vitriol sp. gr. 1.84. To obtain subcarbo- 
nate of ammonia, 125 lbs. of calcined gyp- 
sum in fine powder are added to 108 gid- 
lons of the ammoniacal liquor. The. mix- 
ture is stirred, and the cask containing it, 
is then closed for three or four hours. Six- 
teen ounces of sulphuric acid are now mix- 
ed in; and the whole allowed to remain at 
rest for four or six hours. The superna- 
tant sulphate of ammonia is next evaporat- 
ed till it crystallize. One hundred weight 
of the dry crystals is mixed with one-fourth 
of their weight of dry chalk in powder, and 
sublimed from a cylindrical iron retort into 
a barrel-shaped receiver of lead. A charge 
of 120 lbs. of the mixture, is usually de- 
composed in the course of- twenty-four 
hours. One hundered weight of dry sul- 
phate of ammonia, is said to produce from 
sixty to sixty -five pounds of solid subcar- 
bonate of ammonia. If the sulphate of am- 
monia, mixed with common salt, is expos- 
ed to a subliming heat, sal ammoniac is ob- 
tained. For oil gas, see Oil.* 

Co.\Ti)7G, or LoRiCATiON. Chaptal 
recommends a soft mixture of marly earth, 
first soaked in water, and then kneaded 
with fresh horse-dung, as a very excellent 
coating. 

The valuable method used by Mr. Willis 
of Wapping to secure or repair his retorts 
used in the distillation of phosphorus, de- 
serves to be mentioned hei^. The retorts 
are smeared with a solution of borax, to 
which some^slaked lime has been added, 
and when dry, they are again smeared with 
a thin paste of slaked lime and linseed oil. 
This paste being made somewhat thicker, 
is applied with success, during the distil- 
lation, to mend such retorts as crack by 
the fire. 

•Cobalt. A britt le, somewhat soft, but 
difficultly fusible metal, of a reddish-gray 
colour, of little lustre, and a sp. gr. of 8.6. 
Its melting point is said to be 130* Wedge- 
wood. It is generally associated in its ores 
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%Hh nickel, arsenic, iron, and copper; and 
the cobalt of commerce usually contains a 
proportion of these metals. To separate 
them, calcine with 4 parts of nitre, and 
wash away, with hot water, the soluble ar- 
senite of potash. Dissolve the residuum in 
dilute nitric acid, and immerse a plate of 
iron in tlie solution, to precipitate the cop- 
per. Filter the liquid and evaporate to 
dryness. Digest the mass with water of am- 
monia, which will dissolve only the asides 
of nickel and cobalt. Having expelled the 
excess of aUcali by a gentle heat from the 
clear ammoniacal solution, add cautious- 
ly water of potash, which will precipitate 
the oxide of nickel. Filter immediately, and 
boil the liquid, which will throw down the 
pure oxide of cobalt. It is reduced to the 
metallic state by ignition in contact with 
lampblack and oil. Mr. Laugier treats 
the above ammoniacal solution with oxalic 
acid. He then redissolves the precipitated 
oxalates of nickel and cobalt in concentrat- 
ed water of .ammonia, and exposes the so- 
lution to the air. As the ammonia exhales, 
oxalate of nickel, mixed with ammonia, 
is deposited. The nickel is entirely sepa- 
rated from the liquid by repeated crystal- 
lizations. There remains a combination of 
oxalate of cobalt and ammonia, which is 
easily reduced by charcoal to the metallic 
state. The small quantity of cobalt re- 
maining in the precipitated salt of nickel, 
is separated by digestion in water of am- 
monia. 

Cobalt is susceptible of magnetism, but 
in a lower dogree than steel and nickel. 

Oxygen combines with cobalt in two pro- 
portions; forming the dai*k blue protoxide, 
and the black deutoxide. The first dis- 
solves in acidft without effervescence. It is 
procured by igniting gently in a i-etort the 
oxide precipitated by pot ash, from the nitric 
solution. Proust says, tlie first oxide con- 
sists of 100 metal -f 19.8 oxygen; and Ro- 
thoff makes the composition of the deutox- 
ide 100 -f 36.77, If we call the first 18.5 
and the second 37; then the prime equiva- 
lent of cobalt will be 5.4; and the two ox- 
ides will consist of 

84.38 
15.62 



„ ^ Cf Cobalt, 5.4 10( 

Protox. loxyge^, 1.0 18. 



100 
5 



100.00 



Deutox ; Cobalt, 5.4 100 73 

Deutox. ^Oxygen, 2.0 37 27 

100 
The precipitated oxide of cobalt, wash- 
ed and gently heated in contact with air, 
passes into the state of black fjeroxide. 

When cobalt is heated in chlorine, it 
takes fire, and forms the chloride. The 
iodide, phosphuret, and sulphuret of this 
metal have not been much examined. 



The salts of cobalt are interesting froim 
the remarkable changes of colour which 
they can exhibit. 

Their solution is red in the neutral state, 
but green, with a slight excess of acid; the 
alkalis occasion a blue coloured precipitate 
from the salts of pure cobalt, but reddish- 
brown when arsenic acid is present; sul- 
phuretted hydrogen produces no pracipi- 
tate, but hydrosulphurets throw down a 
black powder, soluble in excess of the pre- 
cipitant; tincture of galls gives a yellow- 
ish-white precipitate; oxalic acid throws 
down the red- oxalate* Zinc does not pre- 
cipitate this metal. 

The sulphate is formed by boiling sul- 
phuric acid on the metal, or by dissolving^ 
the oxide in the acid. By evaporation, the 
sah may be obtained in actcular rhomboi- 
dal imams of a reddish colour. These 
are insoluble in alcohol, but soluble in 24 
parts of water. It consists, by the analy- 
sis of Bucholz, of; 

Exper't Theory, 

Acid, 26 or 1 prime 5.0 24.4 

Protoxide, 30 1 do. 6.4 31.4 

Water, .44 8 do. 9. 44.2 



100 



20.4 



Dr. Thomson's hypothetical synthesis 
differs widely from the experimental, in 
consequence of his assuming 3.625 for an 
atom of the metal, and 4.625 for that of its 
oxide. He gives 28.57 acid + 26.43 pro- 
toxide -f '45 water. 

The nitrate forms prismatic red deliques- 
cent crystals. It is decomposable by gen- 
tle ignition. The muriate ia easily formed 
by dissolving the oxide in muriatic acid. 
The neutral solution is blue when concen- 
trated, and red when diluted; but a alight 
excess of acid makes it green. According 
to Klaproth, a solution of the pure muriate 
forms a sympathetic ink, whose traces be- 
come blue when the paper is heated; but 
if the salt be contaminated with iron, the 
traces become green. I find that the addi- 
tion of a little nitrate of copper to the so- 
lution forms a sympathetic ink, which by 
heat gives a rich greenish-yellow colour. 
When a small quantity of muriate of soda, 
of magnesia, or of lime is added to the ink, 
its trac<^s disappear very speedily on re- 
moval from tlie fire; showing that the vivid 
green, blue, or yellow colour, is owing to 
the concentration pf the saline traces by 
heat, and their disappearance, to the reab- 
sorption of moisture. At a red heat, the 
greater part of tlie muriate sublimes in a 
gray coloured chloride. The acetate 
forms a sympathetic ink, whose traces be- 
ing heated, become of a dull blue colour. 
The arseniate of cobalt is found native in 
a fine red efllorescence, and in crystals. 
SeeOaBs of Cobalt, A cream-tactrate o 
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oobalt may be obtained in large rhomboi- 
dal crystals, by adding tbe tartrate of pot- 
ash to cobaltic solutions, and slow evapo- 
ration. An ammonia-nitrate of cobalt may 
be formed in red cubical cnrstals, by add- 
ing ammonia in excess to .the nitric solu- 
tion, and evaporating at a very gentle heat. 
They have a urinous taste, and are perma- 
nent in the air. The red oxalate is soluble 
in an excess of oxalic acid, and hence neu- 
ti'al oxalate of potash is the proper reagent 
for precipitating cobalt. The phosphate 
may be formed by double decomposition. 
It is an insoluble purple powder, which, 
heated along with eight parts of gelatinous 
alumina, produces a beautiful blue pig- 
ment, a substitute for ultra-marine. The 
colourii^ power of oxide of cobalt on vitri- 
fiable mixtures, is greater perhaps than 
that of any other metal. One grain gives 
a full blue to 240 grains of glass. ZaiTre 
is a mixture of flint powder and an impure 
oxide of cobalt, prepared by calcination of 
the ores. Smalt and azure blue are mere- 
ly cobaltic glass in fine powder. See 
Glass.* 

* Cob ALUS. The demon of mines, which 
obstructed and destroyed the miners. The 
church service of Germany formerly con- 
tained a form of prayer for the Expulsion 
oi the fiend. The ores of the preceding 
metal being at first mysterious and in- 
tractable, were nicknamed cobalt.* 

• CoccoLiTE. A mineral of g^reen co- 
lour of various shades, which occurs, mas- 
sive; in loosely aggregated concretions; and 
crystallized in six-sided pllsms, with two 
opposite acute lateral edges, and bevelled 
on the extremities, with tlie bevelled 
planes set on the acute lateral edges; or in 
four-sided prisms. The crystals are gfene- 
rally rounded on the angles and edges. 
The internal lustre is vitreous. Cleavage, 
double oblique angular. Fracture uneven. 
Translucent on the edges. It scratches 
apatite, but not feldspar. Is brittle. Sp. gr. 
3.3. It fuses with difficulty before the blow- 
pipe. Its constituents are silica 50, lime 
24, magnesia 10, alumina 1.5, oxide of 
iron 7, oxide of manganese 3, loss 4.5. 
VaugueHn. 

It occurs along with granular limestone, 
garnet and magnetic ironstone, in beds 
subordinate to the trap formation. It 'is 
found at Arendal in Norway, Nericke in 
Sweden, Barkas in Findland, the Hartz, 
Lower Saxony, and Spain.* 

Cochineal was at first supposed to be 
a grain> which name it still retains by way 
of eminence among dyers, but naturalists 
soon discovered that it was an insect. It 
is brought to us fxoxa Mexico, where the 
insect lives upon different species of the 
opuntia* . 

Fine cochinea], which has been well 
dri^ and properly kept» ought, to be of a 



gray colour inclining to purple. The gny 
is owing to a powder which covers it na- 
turally, a part of which it still retains: the 
purple ting^ proceeds from the colour ex- 
tracted by the water in which it has been 
killed. Cochineal wilt keep a long time in 
a dry place. Hellot says, that he tried 
some, one hundred and thirty years old, 
and found it produced the same effect a» 
new. 

* MM. Pelletier and Caventou have lately^ 
found that the very remarkable colouring 
matter which composes the principal part 
of cochineal, is mixed with a peculiar ani- 
mal matter, a fat like common fat, and 
with different salts. The fat having been 
separated by ether, and the residuum 
treated with boiling alcohol, they allowed 
the alcohol to cool as they gently evapora- 
ted it, and by this means they obtained the 
colouring matter; but still mixed with a 
little fat and animal matter. These were 
separated from it, by again dissolving it 
in cold alcohol, which leflt the animal mat- 
ter untouched, and by mixing the solution 
with ether, and thus precipitating the co- 
louring matter in a state of great purity, 
which they have called carminium. It melts 
at 122® Fahr. becomes puffy, and is de- 
composed, but does not yield ammonia. It 
is very soluble in water, slightly in alcohol, 
and not at all in ether. Unless by the in- 
termediation of fat. Acids change it from 
crimson, first to bright red, and then to 
yellow; alkalis, and, generally speaking, all 
protoxides turn it to violet; alumina takes 
it from water. Lake is composed of car- 
minium and alumina. Carmine is a triple 
compound of an animal matter, carmiimim^ 
and an acid which enlivens the colour. 
The action of muriatic acid in changing 
the crimson colour of cochineal into a fine 
scarlet, is similar. 

Dr. John calls the red colouring matter 
cochenilih. He says, the insect consists of 
Cochenilin, 50.0 

Jelly, 10.5 

Waxy fat, 10.0 

Gelatinous mucus, 14.0 
Shining matter, 14.0 
Salts, 1.5 

100.0 
Coffee. The seeds of the coffea ara- 
bica are contained in an oval kernel, enclo- 
sed in a pulpy beny, somewhat like a 
cherry. The ripe fruit is allowed slightly 
to ferment, by which the pulp is more 
easily detached from the seeds. These 
are afterwards washed, carefully dried in 
the sun, and freed from adhering mem^ 
branes by winnowing. Besides the pecu- 
liar bitter principle, which we have de- 
scribed under the name cafifein, coffee con- 
tains several other vegetable products. 
According to Cadet, 64 parts of raw cofice 
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eonsiit of 8 gum, 1 rcwn, 1 cxtfidWe jmd 
bitter principle, 3,5 gallic acid, 0.14.albii. 
men, 43.5 fibrous insoluble matter, and 
6.86 lots. Hermann found in 1920 grains 

of 

Levant C9jfhe, MartCtgee. 

Besin, 74 68 

Bxtractiye, 320 310 

Gum. 130 144 

Fibrous matter, 1335 1386 

Loss, 61 12 



1920 1920 

The nature of the volatile fragrant prin- 
ciple, developed in coffee by roasting, has 
not been ascerUined. The Dutch in Su- 
rinam improve the flavour of their coffee 
by suspending bags of it, for two years, m 
a dry atmosphere. They never use new 
coffee.* 

Coffee is diuretic, sedative, and a cor- 
rector of opium. It should be given as 
medicine in a strong infusion, and is best 
cold. In spasmodic asthma it has been par- 
ticularly serviceable; and it has been re- 
commended in gangrene of the extremities 
arising from hard drinking. 

• Cohesion, or attraction of cohesion, 
is that power by which the particles of bo- 
dies are held together. The absolute co- 
hesion of solids is measured by the force 
necessary to pull them asunder. Heat is 
excited at the same lime. At the iron 
cable manufactoiy of Captain Brown, a 
cylindrical bar of iron, IJ inch diameter, 
was drawn asunder by a force of 43 tons. 
Before the rupture, the bar lenfjthened 
about 5 inches, and the section of fracture 
was reduced nearly ^ of an inch. About 
this part, a degree of heat was generated, 
which, according to Mr. Bariow of Wool- 
wich, rendered it unpleasant, if not in a 
slight degree painful, to grasp the bar in 
the hand. The same thing is shown in a 
greater degree in wire-drawing. When 
the force is applied to compress the body, 
It becomes shorter in the direction of the 
force, which is called the compression: and 
the area of its section at right angles to 
the force, expands. The cohesion, calcu- 
lated from the transverse sti-ength, is as 
near, or perhaps nearer, the real cohesion, 
than that obtained by pulling the body 
asunder. The cohesive force of metals is 
much increased by wire-drawing, rolling, 
«nd hammering them. In the elaborate 
tables of cohesion drawn up by Mr. Thomas 
Tredgold, and published in the 50th vol. 
of Tilloch's Magazine, the specific cohe- 
sion of pUte glass (a pretty uniform body) 
is denoted by unity. 

The following table is the result of ex- 
periments by George Rennie, Jun. Esq. 
published in the first part of the Phil. 
Transactions for 1816. 
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Mr. Rennie found a cubical inch of the 
following bodies crushed by the foUowing" 
weights: lb9. av, 

«"»•• -. • - ■ • 11^ 

American pine, - - - ^^ 

White deal, ... - 1928 
EngUshoak, - - - - 3860 
Ditto of five inches long, shpped wiA, 2572 
Ditto of four inches, ditto, - 5147 

A prism of Portland stone, two inches ^ 

lon^, - - - - w/5 

Ditto statuary marble, - - 3216 
Craigleith stone, - - - 8688 

Cubes of iS inch. 

9p,gr. 
Chalk, . . . . ^ 1127 
Brick of a pale red colour, 2.085 1265 
Roe-stone, Gloucestershire, — 1449 
Red brick, mean of two trials, 2.168 1817 
Yellow face baked Hammer- 
smith paviors, three times, ^ 2254 
Burnt ditto, mean of two trials, — 3243 
Stourbridge, or fine brick, — 3864 
Derby ffrit, a red friable sand- 
stone, - - - 2.316 7070 
.Derby grit from another quar- 

ry, . - - - 2.428 9776 

Killaly white freestone, not 

stratilted, - - ■ 2.423 10264 
Portland. - - - 2.428 10284 

Craigleith, white freestone, 2.452 12346 
Yorkshire paving, with the 

strata, - - - 2.507 12856 

Ditto, against the strata, 2.507 12856 

White statuary marWc, not 

veined, •- - - 2.760 3 5632 
Bramley-Fall sandstone, near 

Leeds, with strata, - 2.506 13632 
Ditto, against strata, - 2.506 13632 
Cornish granite, - 2.662 14302 

Dundee Sandstone, or breccia, 

two kinds, - - 2.550 14918 

A two inch cube of Portland, 2.423 14918 
Craigleith, with strata, 2.453 15560 

Devonshire red marble, varie- 
gated, - - — 16712 
Compact limestone, - 2.584 17354 
Peterhead granite,hard close- 

grained, - - . — l^o-^^ 

Black compact limestone. Li- 
merick, - - 2.598 19924 
pj^bect - - 2.599 20610 
Black Brabant marble, 2.697 20742 
Very hard freestone, 2.528 21254 
White Italian veined marble, 2.726 2178v> 
Aberdeen granite, blue kind, 2.625 24556 
Cubes of different metals of Jth inch were 
crushed by the following weights. 



Cast iron. 
Cast copper, 
Fine yellow brass. 
Wrought copper. 
Cast tm, 
Csst leftd. 



977S 

7318 

103M 

6440 

966 

483 
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lars of different ineu)f » wx inchet loo|^, 

and a quarter of an inch aquare, were 

suspended by nippers, and broken by 

the following weights: 

Cast iron, horizontal, - - 1166 

Ditto, vertical, - - . 1218 

Cust steel, previously tilted, - 8391 

Blistered steel, reduc^ by the haA- 

mer, 8322 
Shear steel ditto, ... ^§77 
Swedish iron ditto, * - 4504 
English iron ditto, ... 3492 
Hard gun metal, mean of tWo trials, 2273 
Wrought copper, reduced by ham- 
mer 2112 

1192 

1123 

296 

114 



do not bear the tone pioportiont&eaeh other 
in these ezperimenti^ that they do when we 
compare the trials of Count Sickingen witii 
those made at Woolwich, of whidt mi ac- 
count ww givra in the .tftmali qfPkUoiipk^ 
vii 320. From that comparison, the prop<Aw 
tional strei^jths were as follows: 



English iroi^ 
Swedish iron. 



348.38 
549.25 



But from lfr« Reuiie's espetiiiients» the pro* 
pcmional streogthsare: 



Cast copper. 
Fine yelK>w brass. 
Cast tin. 
Cast leadf 

For the experiments on the twist of bars 
we must refer to the paper. 

The stvengdis of Swedish and English iron 



English iron, 
Swechshiroiit 



348.38 
449.34 



A veiy material difference, whidi ought to 
be attended to. 

The foUowing Table contains a view of 
some former experiments, on the eoheaiT* 
strengths or tenftcitiet of bmfies. 



A wire J^ inch of zhic breaks with 26 poonds. Medienbroek. 



Do. 
Do. 
Do. 
Do. 
Do« 
Do. 
Do. 



lead 

tin 

copper 

brass 

silver 

iron 

gold 



A cylinder 1 inch iron 

According to Sickingen, the relative co- 
hesive strengths of the metals aie as fol- 
lows: 



29i 


Emerson. 


49^ 


do. 


299i 


do. 


360 


do. 


3ro 


do. 


450 


do. 


500 


do. 


63320 


Rumford. 



Gold, 
Silver, 
Platina, 
Copper, 
Son iron. 
Hard iron. 



150955 
190771 
262361 
304696 
362927 
559880 



A wire of iron 0.078 or |ij of an inch, will 
just support 549.25 pounds. Emerson's 
number for gold is excessively incorrect. In 
general, iron is about 4 times stronger than 
oak, aiid 6 times stronger than deal.* 

* CoaoBATiov. The continuous K^Ustil- 
lation of the same liquid, from the same ma- 
terials* 

CoLCOTKAm. The brown-red oxide of iron, 
which remains after the distillation of the add 
from sulphate of iron: it is used for potishing 
glass and other substances by artists, who 
eall it crocus, or crocus martis. 

Cold. The privation of heat. See Cjao- 
Wc, CovosLATioir, and TsMpinATuma. 

CoLdraovT. Colophony, or black rewn, 
IS the resinous residuum after the distilla- 
tion of the light oil, and thick dark reddish 
^sam, from turpentine; 
. VOL. u 



* CoLiTMBivK. V the oxide of columbiom 
described under Acid (Colvhbic) be mixed 
with charcMal, and exposed to a violent heal 
in a charcoal crucible, the metal columbium 
will be obtained. It has a dark gray colour; 
and when newly abraded, the lustie nearly 
of iron. Its sp. gr., when in agghitinated 
particles, was found by Dr. WoUaston to be 
5.61. These metallic grains scratch glassb 
and are easy pulverized. Neither ratric, mu- 
riatic, nor nitro-muriatic add produces any 
change in this metal, though digested on it 
for several days. It has been alloyed with 
iron and tungsten. See Acid (Golitxbxc)* 

^CoLcaiciTX AuTuxB-ALB. A modicina] 
plant, the vinous infusion of whose root has 
been shown by Sur E. Home to possess spe« 
cific powers of alleviating gout, similar to 
those of the empirical preparation caBed 
Eau medicinaU lyHvaum, The setfiment of 
the infiision ought to be removed by filtiw^ 
tion, as it occasions gripes^ sickness and 
vomiting.* 

*CoLoraotnTB. A mineral of a blacldsli, 
or yellowish -brown, or onnge-red colour; 
of a resino-adsmantine lustre; and conchoi- 
dal fracture, its sp. gr. is 4.0. It consists of 
silica 35, alumina 13.5, lune 29.0, magnesia 
6.5, oxide of iron 7.5, oxide of manganese 
4.75, and oxide of tiunium 0.5. It occurs 
masBire, in aogoh^gnuiular concration^aMl 
40 
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in thomboidal dodecahodroni, vKose tur- 
fiicet have a mehed appearance. It ia ^e 
resinoiia gartiet of Haiiy and Jameson. It 
18 found in magnetic ironstone at Arvndal 
in Norway. It occurs also in Piedmont and 
Ceylon.* 

*CoxBiifATioir. The intimate union of 
the particles of different aubstances by che- 
mical attraction, so as to form a compound 
possessed of new and peculiar properties. 
See Attbactioh, EauiTALSHT, and Gas.* 

* Comb van BIB. A body which, in its 
rapid union with others, causes a disen^re- 
ment of heat and light. To determine this 
rapidity of combination, or intensity of che- 
mical action, a certain elevation of tempera- 
ture is necessary, which differs for every dif- 
ferent combustible. This ditterence thrown 
into a tabular form, would constitute th^ir 
scale of aetxn^hUiUif, or degree of accennon. 

Stahl adopted, and refined on the vulgar 
belief of the heat and light oommg from the 
combtistible itself; Lavoisier advanced the 
pppos'.te and more limited doctrine, that the 
heat and li^it proceeded from the oxy- 

fenous gas, in air and other bodies, which 
e regarded as the true pabuUim of fire. 
Stahl's opinion is perhaps more just than 
Lavoisier's; for man) combustibles bum to- 
getlicr, without the presence of oxygen or 
of any aitaiogous fancied supporters; as 
chlorine, and the adjuncts to oxygen, have 
been I'npbilosophicaily called. Sulphur, hy- 
droj^cn, carbon, and azote, are as much 
entitled to be styled nipporters, as oxygen 
and chlorine; for potassium bums vividly in 
sulphuretted hydrogen, and in pmssine, and 
most of the metals bum with sulplmr alone. 
Heat and light are disengaged, with a change 
of properties, and reciprocal saturation of 
the combining bodies. AU the combustible 
gases are certainly capable of affording heat, 
to the degree of moandescence, as is shown 
by their mechanical condensation. 

Sound logic would justify us in regard- 
ing oxygen, chlorine, and iodine, to be in 
reality combustible bodies; perhaps more so, 
than those substances vulfj^rly called com- 
bustible. Experiments with the condensing 
syringe, and the phenomena of the deconv- 
position of eucMorine, prove that light as 
well as heat, may be afforded by oxygen and 
chlorine. If the body, therefore, which emits, 
or can emit, light and lieat in copious streams, 
by Its action on others, be a combustible, 
tiien chlorine and oxygen merit tliat desig- 
nation, as much as charcoal and sulphur. 
Azote IS declared by the expounders of the 
lAViusierian creed, to be a simple incombus- 
tible. Yet its mechanical coudensatioo proves 
tlmt it can afl'ord, from its own resources, an 
incandescent hea:; and witli chlonne, iodine, 
and metallic oxides, all incombustibles on 
tile antiphlogistic notion, it forms com- 
pounds possessed of combustible properties, 
jm a pre«eixuiient and a tremendovM degree 



of concentration. It is melanchoty to jreflect 
witii what easy credulity, the fictions of the 
Lavoiaierian faith have been received and 
I^ropasrated by chemical comptlen, some- 
times sufficiently increduknu on subjects of 
rational belief. See th$ next artitie. 

The electric polarities unquestionably show, 
what no person can wish to deny, that be- 
tween oxygen, clilorine, iodine, on one hand» 
and hydrogen, charcoal, sulphur, phoapho- 
nia, and the metals, on the other, there 
exist striking differences. The former are 
attracted by the positive pole, the latter hj 
the negative, in voltaic arrangements. But 
still nothing definitire can be inferred from, 
this fact; because in the actions of what are 
called combustibles, on each other, witliout 
the presence of the other class, we have an 
exhibition of opposite electrical polarities. 
Sulphur and metallic pUtes, by mutual 
friction or mere contact, produce electrical 
changes, which apparently prove that sid- 
phur should be ranted along with oxygen, 
chlorine, and acidi^ apart trom combusti- 
bles, whose polaritiea are neg^ative. Sul- 
phuretted hydrogen in its electrical relations 
to metals, ranks also with oxygen and acids. 
How vague and &llacious a flue of classifi- 
cation electrical polarity would afford, may 
be judged of from the following unquestion- 
able facts; ** Among the substances that 
combine chemically, all those^ the electrical 
energies of which are well known, exhibit 
opposite states; thus copper and zinc, gold 
and quicksilver, sidphur and the metals, the 
acid and alkaline substances, afford opposite 
instances. Tn the voltaic combination of 
diluted nitrous acid, zinc and copper, as is 
well known, the side of the zinc exposed to 
the acid is positive. But in combinations of 
zine, water, and diluted nitric acid, the sur- 
face exposed to the acid is negative; though 
if the chemical action of the acid on the 
zinc had been the cause of the efl'ect, it 
ought to be the same in both cases." On 
iome chemieal agmcie$ of cUctricUif by Sir H, 
Davy, Phil Trans, 1807. 

Combustibles have been arranged into 
sin>ple and compound. The former consist 
of hydrogen, carbon, boron, sulphur, plios- 
phorus, and nitrogc n, besides all tlie metals. 
The latter class comprehends the hydrurets, 
carburets, sulphurets, phosphurets, metallic 
alloys, and organic products.* 

♦Combustion. The diseng^agement of 
heat and light which accompames chemical 
combination. It is frequently made to be 
s)nonymous with inflammation, a term which 
might be restricted, however, to that peou- 
liar species of combustion, in which gaseous 
matter is burned. Ignition is the incandes- 
cence of a body, produced by extrinsic 
means, without change of its chemical con- 
stitution. 

Beccher and Stahl, feeling diuly the neces- 
flity of fire to human existence, and aatftiusli- 
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ed with th€ me k at w rp k ates which tbtft power 
seemed to cause charcoal, sulphur, and me- 
tals to undergo, came to regard comfoustion 
as the single phenomenon of chemistry. C^n* 
der tliis iiapreasion Stahl framed his chemi- 
cal svstem, the Theoria Chtimue Dogmatiaet 
a title characteristic oft' the dogmatic spirit 
with which it was inculcated by chemical 
piofessors, as the infallible code of their 
science for almost a centuiy . When the dis- 
ooveries of Scheele, Cavetidisl), and Priest- 
ley, had fully demonstrated the esfteniial 
Iiart which air played, in many instances of 
combustion* the French school made a small 
modification of the German hypothesis. In- 
stead of supposing, with Stahl, that tlie heat 
and light were occasioned by the emUtion of 
a comniMt inflammable principle from the 
combustible itself, Lavoisier and his asso- 
ciates dexterously availed themselves of 
Black's hypothesis of latent heat, and main- 
tained, that the heat and light emanated 
from the oxygenous air, at the moment of 
its union or fixation with the inflammable 
ba«s. How thoroughly the chemical mind 
has been perverted by these conjectural 
notions, all our existing systems of chemis- 
try, wiUi one exception, abundantly prove. 

Dr. Bobison, in his preface to Black's 
lectures, after tracing with perhaps super- 
fluous ateal, the expanded ideas of Lavoi- 
sier, to the nei^lected germs of Uooke and 
Mayhow, says, <<Thi8 doctrine concerning 
combustion, the great, the charactenatic 
phenomenon of cheimcal nature, has at 
Isst received almost universal adoption, 
though not till after considerable hesitation 
suid opposition; and it has made a complete 
revolution in chemical science." The French 
theory of chemistry, as it was called, or 
hypothesis of oombustion, as it should have 
been named, was for some time classed in 
certiunty with the theory of graviution. — 
Alas! it is vanishing with the luminous 
phantoms of the dav, but the sound logic, 
the pure candour, the numerical precision 
of inieience^ which characterize Lavoisier's 
elements, will cause his name to be held in 
everlasting admiration. 

It was the rival logic of Sir H. Davy, 
aided by his uniivalled felicity ^of investiga- 
tion, which first recalled chemistry firom the 
pleasing labyrinths of fancy, to the more 
aiduousbut &r more profitable and pro- 
gressive career of reason. His researches 
on combustion and flame, already rich in 
hWssings to mankind, would alone place 
him in the first rank (^ scientific genius. 1 
shall give a pretty copious account of tliem, 
siuce by some iktality it has happened, tliat 
in our best and largest system, where so 
many pages are devoted to the reveries of 
^cient diemists, the splendid and useful 
truths, made known by the great chemist 
«f England, have been totally overlooked. 

Whenever the cheqpical ferces, whi^ 



detetmise either combination or decompo- 
sition, are energetically exercised, the phe^ 
nomena of combustion, or incandesence 
with a change of profSerties, are displayed.* 
Hie diednctioii, therefore, between sup- 
porters of combustion and combustiblvs, on 
which some late systems are arranged, is 
frivoious and partial. In fact, one substance 
frequently acts in both capacities, being a 
supporter offparenUif at one time, and a 
comlntstibU at another. But in both cases 
the heat and fight depend on the tame 
cause, and merely indicate the energy and 
rapidity with which reciprocal attntctione 
are exertetl. 

Thus, sulphuretted hydrogen is a com* 
bustible with oxygen and chlorine; a sup- 
porter with potassium. Sulphur, with 
chlorine and ox>gen, has been called a 
combustible basis; with metals it acts the 
part of a supporter; for incandescence and 
reciprocal saturation result. In like man- 
ner, potassium unites so powerfully with 
arsemc and tellurium as to produce the phe- 
nomena of combustion. Nor can we as** 
cribe the phenomena to extrusion of latent 
heat, in consequence of condensation of 
volume. The protoxide of chlorine, a bo- 
dy destitute of a^y combustible constitu- 
ent, at the instant of decomposition, evolves 
light and heat witli explosive violence; and 
its volume becomes one-half grater. Chlo- 
ride and iodide of azote, compounds alike 
destitute bf ai\y inflammable matter, ac- 
cording to the ordinary creed, are resolved 
into their respective elements with tremen- 
dous force of inflammation; and the firsC 
expands into more than 600 times its bulk. 
Now, by the prevaiting hypothesis of latent 
heat, instead.of heat and light, a prodigious 
cold ought to accompany such an expansion. 
The chlorates and nitrates, in like manner, 
treated with charcoal, sulphur, phosphorus, 
or metals, deflagrate or detonate, while the 
volume of the combining substances is 
greatly enlarged. The same thing may b© 
said of the nitrogiirets of gold and silver. 
In truth, the combustion of gunpowder, a 
phenomenon toofamiliar to mankind, should 
have been a bar to the reception of IatoI- 
sier's hypothesis of combustion. The sub- 
terfuges which have been adopted, and ad- 
mitted, in order to reconcile Uiem, are un- 
worthy to be detailed. 

From die preceding facts it is evident 
1st, That combustion is not necessarily de- 
pendent on the agency of oxygen; 2d, That 
the evolution of the heat is not to be as- 
cribed simply to a gas parting with its la- 
tent store of tliat ethereal fluids on its fixa- 
tion, or combustion; and, 3dly: That ««no 
peculiar substance or form of matter is ne- 
cessary for producing the effect, but that it 
is a geiural result of the actions of any sub- 
stances possessed of strong chemical at- 
traetiotu^ or aUiS'erent eiectrioal rdatioa^ 
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MidlhitittilEetplieemdlMWsia whtA 
•n intenie and ▼iolent motion^ can be con« 
ceived to be cominunintcd -to the oorpus- 
des (if bodies.*' 

All chemicHl pbenomeiiA iadeed may be 
juAlyaacribed to motions wmmg the iilti- 
mate particlet of iii»tler, tendiog to change 
the conititution of the maaa. 

It waa faahionable for a while, to attiibute 
the caloric evolved in combuation to a cU- 
miniahed capacity lor heat of the reaultiiig 
aubatance. Some phenomena, inaccurately 
obaerved, ntve riae to thia geneiahzation. 
On thiaaubject I aball content myaeit with 
stating the concluaiona to which MM. Du- 
long and Petit have come, in consequence 
of their own recent reaearches on the lawa 
of heat, and thoae of Berard and Delaroche. 
«<We may likewise,'* say these able chemist^ 
'Hleduce from our researchea another very 
important consequence f >r the general the* 
ory of chemical action, that the quantity of 
heat developed at the inatant of the combi- 
nation of bodies, has no relation to the ca- 
pacity of the ekmenta, and that in the 
l^atest number of cases, this loss of heat 
18 not followed by any diminution in the ca- 
pacity of the compounda formed. Thua, 
for example, the combination of oxygen 
and hydroffen, or of sulphur and lead, 
which produces so ^at a quantity of heat, 
occasions no greater alteration in the capa- 
city of water, or of sulphuret of lead, than 
the combination of oxygen with copper, 
lead, silver, or of sulphur with carbon, pro- 
ducea in the capacities of the oxides of 
these metals, or of carburet of sulphur."-^ 
•* We conceive that the relations whidi we 
have pointed out between the speciiic heata 
of simple bodies, and of those of their com- 
pounds, prevent the possibility of suppos- 
ing, that the heat developed in chemical 
actions, owes its origin merely to the heat 
produced by change of state, or to that sup- 
posed to be combined with the material 
molecules;** JhtiuUes tkChmit et PAysi^uc, x. 

Mr. Dalton, in treating oi the constitution 
of elastic fluids, lays it down as an axiom, 
that din^nution of volume is the criterion 
of chemical affinitv being exeicised{ and 
hence maintains, that the atmospheric air is 
a mere mixture. Thus, also, tiie extrication 
of heat from chemical union, has been usu- 
ally referred to tl»e condensation of volume. 
The following examples will show tiie falla- 
cy of such crude h>pothe8es. 1. Chlorine 
and hydrogen mixed, explode by the sun- 
beam, electric spark, or inflamed taper with 
the disengagement of much heat and light; 
and the volume of the mixture, which is 
greatly mlmrgtd at the instant of combination, 
suffers, no condensation afterwards. Muri- 
atic acid gas, having the mean density of its 
components, is produced. 2. When one 
voiume of olefiant gas and one of oxygen 
are detonated togeUier, three and a hah ga. 



aeooiTDlamea resitlt, the mater part of tke 
hydrogen veraaina untotiched, and avokiHie 
and a half of carbonic oxide ia formed, 
with about l-lOth of carbonic acid. 3. The 
following experiments of M. Gg^-Lusaao on 
liquid combinaiHona are to the same purpose. 
1. A saturated aohition of nitrate of ammo- 
nia, at the tempen^ure of 61°, arid of the 
density 1.303, was mixed with water in the 
proportion of 44.05. to 33.76. The tempe- 
rature of the mixture sank 8.9^; bat the 
density at ^^ was 1159, while the mean 
denaity was only 1.'51. 2. On adding wa- 
ter to the preceding mixture, in tfie pro- 
portion of 33.64 to 39.28; the temperature 
sank3.4^ while the density continued 000.3 
above the mean. Other saline sokitions pre- 
sented the seme result, though none to so 
great a degree. 

Tliat the internal motions which accom- 
pany the change in the nwdt of combination, 
independent of change of /orm, occanon the 
evolution of heat and light, is evident from 
the fbllowing observations of Berzefius: — 
In the year 1811, when he was occupied with 
examining the combinations of antimony, 
he discovered^ accidentally, that several me- 
talline antimoniates, when they begin to 
grow red-hot, exhibit a sodden appearance 
of fire, and then the temperature again 
sinks to that of the surrounding combusti- 
bles. He made numerous experiments to 
ehictdate the nature of this appearance, and 
ascertained that the weight of the salt was 
not altered, and that the appearance took 
place without the presence of oxygen. Be- 
fore the appearance of fire, these salts are 
very easily decomposed, but afterwards they 
are attacked neither by aeids nor alkaline 
leys— 4 proof that theb constituents are now 
held together by a stronger affinity, or that 
they are more intunately combined. Since 
that time he has observed these appearances 
in many other bodies, as, for example, in 
green oxide of chromium, the oxides of tan- 
tidum and rhodium. (See CBSoxnrM.) 

Mr. Edmund Daij found, that when a 
neutral solution of platinum was precipitat- 
ed by hydro-sulf^huret of potash, and the 
precipitate dried in air deprived of oxygen, 
a black compound was obtained, which 
when heated out of the contact dT air, gave 
out sulphur, and some sulphuretted hydio- 
^Ti gas, while a combustion similar to that 
m the formatioij of the metallic sulphurets 
appeared, and common sulphuret of plati- 
num remained behind. When we heat the 
oxide of rhodium, obtained from the soda- 
nmriate, water first comes over; and on in- 
creasing the temperature, combustion takes 
place, oxygen gas is suddenly disengaged, 
and a suboxide of rhodium remains belund 
The two huit cases are analogous-to that of 
the protoxide of chlorine, the euchhriiu of 
Sir H. Davy. Gadolinite, the siliciate of 
yttria, was first observed by Br» WoUastoa 
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<a di i p ii y twaaw lively 
The TftTiety of this nmenl wkh a ^katy 
fractare* ansven better than the spbntery 
variety. It is to be heated before the blow- 
pipe, so that the whole piece becomes eqtiaU 
ty hot At a red4ieat it catches fire. The 
colour becomes grceniah-i^y, and the so- 
lubUity in acids is destioyed. Two small 
pieces of gadoKnite, one of which had been 
heated to redness, wereputin aqua regiai 
the first wasdissohred in a few hourss the 
second was not atucked in two montha. Fi- 
iia%» Sir H. Dav}^ obaerved a similar phe- 
Domenoii on heating hvdrate «f sireonia. 

The verM hypothesis of theimoxygenby 
Bn^patelU^ with Dr. lliomson's supporter^ 
partial supporters, and semicombufltion, need 
net detain ua a moment frun the substantial 
fiu^ the noble tiuths, first revealed by Sir 
H. Davy, ooncermnf the mysterious process 
of combustion. Of the reseatches which 
brought them to light, it has been said, with- 
out any hyperbole, that ** if Bacon were to 
revisit the earth, this is exactly such a case 
as we ahould chuse to phice before him, in 
Older to give him, in a small cob^mss, an 
idea of the advancement which philosophy 
has made since the time, when he had point- 
ed out to her the route which ahe ought to 
piuwie." 

The coal mines of England, alike essen<- 
tial to the comfort of her population and her 
fiiUQcial resources, had become infested with 
fire*damp, or inflammable air, to such a de- 
|[ree as to render the mutilation and destruc- 
tion of the miners, by ftequent and tremen« 
dous explosions, subjects oi'sy mpathy and dis- 
npay te the whole nation. By a late explo- 
awn in one of the Newcastle colUeries, no 
leas than oae hundred and one penons per- 
ished in an instant; and the misery heaped 
on their forlorn families consisting of more 
than tliree hundred persons, is inconceivable. 
To subdue this gigantic power was the task 
which Sir H. Davy assigned to himself; and 
which, had his genius been baffled, the kingw 
dom could scarcely hope to see achieved by 
another. But the stubborn forces of nature 
can only be conquered, as Lord Bacon just^ 
ly pointed out, by examining them in the 
naacent state, and subjecting them to expe- 
rimental interrogation, under every diver- 
aty of circumstance and form. It was this 
investigation, which first laid open the hi- 
therto unseen and inaccessible sanctuary of 

As some invidious attempts^ however, have 
been made, to insinuate that Sir H. Davy 
<tole the germ of his discoveries from the 
Iste Kr. Tennant, it may be proper to pre- 
^ the account of them by the foNowing 
extract from «<Be8Dhitiona of a Meeting held 
tor considering the fiMsts relating to the Dis- 
covery of the Lamp of Safety." 

<« S1J19 Spiartf Mn. 30, 1817. 
')'3d--.That Sir H. Davy not only disco- 



vered, independentiiy of all others^ and witlt- 
oot any knowledge ot the unpublished expe- 
riments o( the late Mr. Ttnnant on Flame» 
the principle of tlie non-communication of 
explosions through small apertures, but that 
he has also the sole merit of having first ap- 
plied it to the very important purpose of a 
swfety-larop, which has evidently been imi- 
tated in the latest kunps of Mr. George Ste- 
phenson. 

(Signed) Joseph Banks, P. R. S. 

William .1. Brande, 
Charles Hatchett, 
William Hyde Wollaston, 
Thomas Young.* 

See the whole document in Tilloch's Maga- 
zine, vol. 50. p. 387. 

The phenomena of combustion may be 
conveniently considered under six heads: 
Isf. The temnerature necessar\ to inflame 
diiTerent bodies. 2d, The natilre of flame, 
and the relation between the light and heat, 
which compose it. 3d. Tiie heat disengaged 
by difierent combustibles in burning. 4^A, 
The causes which modify and extinguish 
combustion, and of the safe-lamp. Sth,' 
Inviable combustion 6th, Practical Infe- 
rences. 

1st Of ihe temperature necessary to inflame 
AfferetU hodie$. \A. A simple experiment 
shows the successive combustibilities of 
different bodies. Into a long bottle with a 
narrow neck, fntroduce a lighted taper, and 
let it bum till it is extinguished. CarefiiUy 
stop the bottle and introduce another light- 
ed taper. It will be extinguished, before it 
reaches the bottom of the neck. Then in- 
troduce a small tube, containing zinc and 
dilute sulphuric acid, at the aperture of 
which the hydrogen is inflamed. The hy- 
drogen will be found to bum in whatever 
part of the bottle the tube is placed. After 
the hydrogen is extinguished, introduce 
lighted sulphur. This will bum for some 
time; and afler its extinction phosphoms 
wiU be as luminous as in the air, and, if 
heated in the bottle, will produce a pale 
yellow flame of considerable density. 

Phosphorus is said to take fire when heat- 
ed to 150° and sulphur to 550°. Hydrogen 
inflames with chlorine at a lower tempera- 
ture than with oxygen. By exposing oxygen 
and hydrogen, confined in glass tubes, to a 
very dull red (about 800 F.) tliey explode. 
When the heat was about 700 F. they com- 
bine rapidlv with a species of silent com" 
bustion. A mixture of common air and hy- 
drogen was introduced into a small copper 
tube, having a stopper not quite tight; the 
copper tube was placed in a charcoal fire; 
before it became visibly red-hot an explo- 
sion took place, and the stopper was driven 
out We see, therefore, that the infianung 
temperature is independent «f ooropreasioa 
or rarefiiotion. 
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^e imtio of the combustibility of the dif- 
ibrent gaseous mstlen^ is likewise to a cer- 
tain extent, as the masses of heated matteni 
required to inflame them. I1ius, an iron 
wire l-40th of an inch, heated cherry-red, 
will not inflame defiant gas, but it will in- 
flame hydrogen gas. A wire of l^h, heat^ 
ed to the same degree, will inflame olefiant 
gas. But a wire -— ^^^ *" *"<^^> ^^^ ^^ htat' 
ed to wbitenefl«to inflame hydrogen, though 
at a low re(l4]eat it will inflame bi-pbosphu- 
Ktted gas. Yet wire of l-40th» heated even 
to whiteness, will not inflame mixtures of 
fire-damp. Carbonic oxide inflames in the 
atmosphere when brougbt into contact with 
an iron wire heated to dull redness; whereas 
carbuietted hydrogen is not inflammablct un- 
less the iron is heated to whiteness, so as to 
burn with sparks. • 

These circumstances will explain, why a 
mesh of wire, so much finer or smaller, is 
required to prevent the explosion from hy- 
drogen and oxygen, from passing; and why 
io course a texture and wire are sufiident 
to prevent the explosion of the fire-damp, 
fortunately the least combustible of all the 
inflammable gases known. The flame of sul- 
phur, which kindles at so low a temperature, 
will exist under refrigerating processes, 
which extinguish the flame of hydrogen and 
all carburetted gtises. 

Let the smallest possible flame be made 
by a sino'le thread of cotton immersed in 
oil, and burning immediately upon the sur- 
face of the oil. it will be found to yield a 
flame about ISOih of an inch in diameter. 
Let a fine iron wire of --? of an inch, made 
into a ring of 1-lOth of an inch diameter, be 
bxDug^t over the flame. Though at such 
a distance, it will instantly extinguish the 
flame, if it be cold; but if it be held above 
the flame, so as to be slightly heated, tlie 
flame may be passed through it wItl)out be- 
ing extinguished. That the effect depends 
entirely on the power of the metal to ab- 
stract the heat of flame, is shown by bring- 
iirtC a glass capillary ring of ihe sarHe diame- 
ter and size over tlie flame. This being a 
much worse conductor of heat, will not, even 
when cold, extinguish it. If its size, how- 
ever, be made greater, and its circumference 
smaller, it will act like the metallic wire, and 
require to be heated to prevent it from ex- 
tinguisiihig the flame. Now, a flame of sul- 
phur may be made much smaller than that 
ot' hydrogen; one of hydrogen may be made 
much SDialler tlian tliat of a wick fed with 
oil; and that of a wick fed with oil smaller 
than that of carburetted hydrogen. A tmg 
of cool wire, which instantly extinguishes 
tbe flame of carburetted hydrogen, diminish- 
es but slightly the size of a flame of sulphur, 
•f the same dimensions. 

By the ff^lowing simple contrivance, we 
■ny d«t«niiiae tbo iciatiye facility of bum- 



mg, siiiong diffierent combustibles. Prepare 
a series of metallic globules ofdifl^ierent sizes, 
by fusion at the end of iron wires, and light 
a series of very minute flames of diflerent 
'bodies all of one size. If a |^ule i-20th 
of an inch diameter be brought near an oil 
flame of l-3«>th in diameter, it will extinguish 
it, when cold, at the distance of* a diameter. 
The size of the spherule, adequate to the 
extinction o^'the paiticular flame, will be a 
measure of its combustibility. If the gk>. 
bule be heated, h«>wever, the distance will 
dimimsh at which it produces extinction. At 
a white heat, the globule, in the above in- 
stance, does not extinguish it by actual con- 
tact, though at a dull red-heat it immediately 
produces the effect. 

2d. Cf the fuHwre ofjlame, tmd of the «te- 
iMMi between the light and the heat vhUh com- 
poee it. The flame of combustible bodies 
may in all cases be considered, as tbe com- 
bustien ol' an acfionee mistwre of inflammable 
gas, or vapour, with air. It cannot be re« 
garded as a mere combustion, at tlie surface 
of contact, of the inflammable matter. I'his 
fiict is proved by holding a taper, or a piece 
of burning phosp^horas^ within a large flame 
made b^ the combustion of alcohol. The 
flame of the taper, or of the phosphorus, will 
appear m the centre of the other flame, 
p4Y>ving that there is oxygen even in its m- 
terior part. When a wire-gauze safit-lamp 
is made to burn in a very explosive mixtiu^ 
of coal-gas and air, the light is feeble and of 
a pale <x>loiu-. Whereas the flame of a cur- 
rent of coal gas burnt in the atmosphere, as 
is well known by the phenomena of the gas 
lights, is extremely brilliant It becomes, 
therefore, a problem of some interest, «* Why 
the combustion of explosive mixtures^ under 
difi'erent circumstances, should produce such 
different appearances?" In reflecting on the 
circumstances of these two species of com- 
bustion. Sir H. Davy was led to imagine that 
the cause of the superiority of tlie light of 
the Urevm of coal gas, might be owing* to the 
dec&mpotiiion of a part of the gas, towards tlie 
interior of the flame, where the air was in 
the smallest quantity, and the deposition of 
solid charcoal, which first by its ignition, and 
afterwaids by its combustion, increased, in a 
high degree, the intensity of the light. The 
fofiowiog experiments show, that this is the 
true solution of the problem. 

If we hold a piece of wire-gauze, of about 
900 apertures to the square inch, over a 
stream of coal gas issuing from a small pipe, 
and if we inflame tbe gas above the wire- 
gauze, left ahnost in contact with the orifice 
of the pipe, it burns with its usual bright 
light. On raising the wire-gauze so as to 
cause the gas to be mixed with more air be- 
fore it inflames, the light becomes feebler, 
and at a certain distance the flame assumes 
the precise character of that of an explo- 
sive mixture burning within the lamp. But 
though tbo light is so feeble ia Ito case, the 
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keat is g;reftt«vth«ii when the figlit itmicli 
more vivid. A piece of wiie of platinayheld 
in this feeble blue flame, becomet instantly 
white-hot. 

On reversing the experiment by inflanung* 
a stream of coal-gas, and passing a piece of 
wire gauze gradually from the summit of 
the flame to the orifice of the pipe» the re- 
sult is still more instructive. It is found 
that the apex of the flame, intercepted bv 
the wire-gauze, aifords no solid charcoal; 
but in passing it downwards, solid charcoal 
is given oflP in oonsidenble quantities^ and 
prevented iromtuming by the cooling agen- 
cy of the wire-gauze. At t!ie bottom of 
the flame, where the gas burned blue, in its 
immediate contact with the atmosphere, cbaf - 
coal ceased to be depoated in visible quan- 
tities. 

The prindple of the increase of the brilli- 
ancy and density of flame, by the production 
and ignition of solid matter, appears to ad- 
mit of many applications. I'hus, defiant 
gas gives the most brilliant white light of all 
combustible gases, because, as we learn 
from Bertbollet's experiments, related under 
carburetted hydrogen, at a very high tem- 
perature, it deposites a very large quantity 
of sofid carbon. Pbosf^rus^ which rises in 
vapour at common temperatures, and the 
vapour of which combines with oxygen at 
those temperatures, is always luminous; for 
each particle of acid formed, roust* there is 
every reason to believe, be white-hot So 
few of these prticles, however, exist in a 
given space, that they scarcely raise tlie tem- 
perature of a solid body exposed to them, 
though, as in the rapid combustion of phos 
phonis, where immense numbers are exist- 
ing in a small space, they produce a most 
intense heat. 

The above principle readily explains the 
appearances of the difi'erent parts of the 
flames of burning bodies, and of flame urged 
by the blow-pipe. The point of the inner 
blue flame, where the heat is greatest, is the 
point where the whole of the charcoal is 
burned in its gaseous combinations, without 
previous deposition. 

It explains also the intensity of the light 
of those >?am«s in which ^ared solid matter is 
produced in combustion, such as the flame 
of phosphorus and of zinc in oxygen, &c. 
and of potassium in chlorine, and the feeble- 
ness of the light of those flames in which 
gaseous and volatile matter alone is pro- 
duced, such as those of hydrogen and of sul- 
phur in oxygen, phosphorus in chlorine, &c. 

It ofl'ers means of increasing the lijg^ht of 
certain burning substances, by placing in 
their flames even incombustible substances. 
Thus the intensity of the hght of burning 
Sulphur, hydrogen, carbonic oxide, &c. is 
Wonderfully increased by throwing into them 
oxide of zinc, or by placing in them very 
ioe amiaathus or metaUic gauze. 



it leads to deductions concerning the 
chemic. 1 nature of bodies, and various phe- 
nomena of their decomposition, llius ether 
biinui with a flame, which, seems to indicate 
the presence of olefiant gas in ^at substance. 
Alcohol burns with a flame amilar to that 
of a mixture of carbonic oxide and hydro- 
gen. Hence the first is probably a bmaiy 
compound of olefiant gas and water, and the 
second of carbonic oxide and hydrogen* 
When protochloride of copper is intitiduced 
into the flame of a candle or hunp, it afibtda 
a peculiar dense and brilliant red light, 
tinged with green and blue towards the 
edges, which seems to depend upon the 
chlorine being separated from 'the copper 
by the hydrogen, and tlie ignition and com<- 
bustion of the solid copper and charcoal. 

Similar explanations may be given of the 
phenomena presented by the action of other 
combinationa of chlorine on flame; and it 
is probable, in many of those cases, when 
the colour of flame is changed by the intro< 
duction of incombustible compounds, that 
the eflect depends on the production, and 
subsequent ignition or combustion of in- 
flammable matter from them. Thus the 
rose-coloured light given to flame by the 
compounds of strontium and calcium, and 
the yellow colour given by those of barium, 
and the green by 9jose of boron, may de- 
pend upon a temporaiy production of these 
bases, by the inflammable matter of the flame. 
Dr. Clarke's experiments on the reduction 
of barytes, by the hydroxvgen lamp, is fa- 
vourable to this idea. Nor should any sup- 
posed inadequacy of heat in ordinary flame» 
prevent us from adopting this conclusion. 
Flame, or gaseous matter heated so highly 
as to be luminous, possesses a temperature 
beyond the white heat of solid bodies, as is 
shown by the circumstance, that ur not 
luminous will communicate this deg^e of 
heat. This is proved by a simple experi- 
ment Hold a line wire of pkntinum about 
l-20th of an inch from the exterior of the: 
middle of the flame of a spirit-lamp, and 
conceal the flame by an opaque body. The 
wire will become white-hot in a space, where 
there is no visible light. The real tem- 
perature of visible flame is perhaps as high 
as any we are acquainted with. Mr. I'en- 
nant used to illustrate this position, by fusing 
a small filament of platinum, in the flame of 
a common candle. 

These views will probably offer illustra- 
tions of electrical light. Tiie voltaic arc of 
flame from the great batteiy, differs in co« 
lour and intensity, according to the substan- 
ces employed in the circuit, and is infinitely 
more brilliant and dense with charcoal than 
with any other subsumce. May not this de<- 
pend, says Sir H. Davy, upon particles of 
the substances separated by the electrical 
attractions? And the particles of charcoal, 
being the lightest among solid bodies (as 
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tlieir pfine equivileiit ffaowB\ «iid the least 
eoherent, woukd be sepanteo in the laigett 
ouantities. 

The heat of flames may be actuary dimi- 
niahed by increasing their hght (at least the 
beat communicabie to other matter) and oiee 
verm. The flame from combustion, which 
produces Uie most intense beat amongst 
those which have been examined* is that of* 
mixture of oxygen and hydrogen compressed 
in Newman's blow-pipe appvatus. (Sec 
BiAW.Pin). This flame is hardly visible 
in bright day-light, yet it instantly fuses the 
most refractory homes; and the light from 
solid bodies ignited in it, is so vivid as to be 
painful to the eye. This application cer- 
tainly originated from Sir H. Davy's dis- 
covery, that the explosion from oxygen and 
|iydr(^n would not communicate tiurough 
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very small apeitmes, und he bimseXf finrt' 
tried the experiment with a fine glass capil- 
lary tube. The flame was not viable at the 
end of this tube, being overpowered by the 
briliiant stai* of the |^aai» igmted at the 
aperture, 

S.CfAeluat 4im!r%aged kif dijfknml cam- 
htsH^egmtkewt^hurmng. 

lAvoisier, Cmwftnd, Dalton, and Rum- 
ford, in succession, made experiments to de- 
termine the quantity of heat evolved in the 
combustion of vwious bodies. The app*- 
ratus used by the bst was perfectly simple, 
and perhaps the most precise of the whole. 
The heat was conducted by flattened pipes 
of metal, into the heart of a body of water, 
sad was measured by the temperature un- 
parted. The fbUowuig is a geneml tsUe of 
results:— 
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The discrepancies in the prece<£ng table, 
are sufllcient to show tlie necessity of new 
sxpetiments on the subject. Count Rum- 
ford made a series of experiments on the 
heat given out during the combustion of dif- 
ferent woods. He found that one pound of 
wood bv burning, produced as mucn heat as 
would have melted from about 34 to 54 
pounds of ice. The average quantity is 
about 40. MM. Clement and Desormes find 
that woods give out heat in the ratio of their 
respective quantities of cax4)on; which they 
state to be equal to one half of their total 
weight. Hence they assign 48 pounds as the 
quantity of ice melted, in burning one of 
wood. In treating of acetic acid and carbon, 
I have already taken occasion to state, that 
they appear gpreatly to overrate the propor- 
tion of carbon in woods 

llie preceding table i« incorrectly riven 
ia several respects by our systematic wnteii} 



Dr. Thomson, for example, states, that 1 
pound of hydrogen consumes only 6 pounds 
of oxygpen, though the saturatingproportion 
assigned by him is 8 pounds. The propor- 
tions of oi^gen consumed by olive ou, phos- 
phorus, charcotd, and isulphur, are all in like 
manner erroneous. 

In vol. i p. 184. of Dr. Black's lectures, we 
have the following notes. <* 100 pounds weight 
of the best Newcastle coal, when applied bv 
the most judiciously constructed fiirnace, will 
convert about If wine hogsheads of water, 
into f^eam that supports the pressure of the 
atmosphere.'* If hogsheads of water, weigh 
about 790 pounds. Hence 1 part of coal will 
convert neariy 8 parts of water into steam. 
Count Rumfm say s, that the heat generated 
in the combustion of 1 pound or pit coal, 

would make 36^ pounds of ice-cold water 

boil. But we know that it reqiuies fully 5i 
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tfOie* at nicidi heat to toiiTert the bbiling 

trater into steam. Therefore,^^ — 6p u 

the weight of water that would be conyerted 
into steam by one pound of coal. 

Mr. Watt found, that it requires 8 feet 
surface of boiler to be exposed to fire to bod 
oil* one cubic foot of water per hour, and 
4bat a bushel, or 84 pounds of Newcastle 
coal so applied, will boil off from 8 to 12 cu- 
bic feet He rated the heat expended in boil- 
ing off a cubic foot of water, to be about six 
limes as much as would bring it to a boiling 
beat from the medium temperature (55°), 
in this climate. The mean quantity is 10 cu- 
bic feet, which weigh 625 pounds, lienee 
1 pound of coal burnt, is equivalent to boil 
•it in steam, nearly 7i lbs. of water, at the 
temperature of 55®. . 

In situations where wood was employed 
ior iliel to Mr. Watt's engines, he aUowed 
three times the weight of it, that he did of 
Newcastle coal. The cubical coal of the 
Glasgow coal district, is reckoned ta have 
only i the calorific power of the Newcastle 
•oal; and the small coal or culm, reauires to 
be used in double weight, to proauce an 
e^ual heat with the larger pieces. A bushel 
oi Newcastle coal is equivalent to a hundred 
weight of the Glas^w. 

I shall now describe the experiments re- 
eently made on this subject by Sir H. Davy, 
subservient {o his researches on the nature 
of flame. A mercurial gas-holder, furnished 
with a system of stop-cocks, terminated in a 
strong tube of platinum, having a minute 
aperture. Above this, was fixed a copper 
eup filled with dlive oil, in which a thermo- 
meter was placed. The oil was heated to 
212®, to prevent any difference in the com- 
munication of heat, by the condensation of 
aqueous vapour; the pressure was the same 
for the different gases, and they were con- 
sumed as nearly as possible in the same time, 
and the flame applied to the same point of 
the copper cup, the bottom of which was 
wiped after each experiment. The results 
were as follows:— 

Shbstaneem Rise of therm. OsT{»en lUtioi of 

fram2l2<'to consumed. lieaU 
Olefiantgas, 27iP 6.0 9.66 

Hydrogen, 238 1.0 26.0 

Sulph.hydrogen, 232 3.0 6.66 

Coal gas, . 236 4.0 6,00 

Carbonic oxide, 218 1.0 6.00 

The data on which Sir H. calculates the 
ratios of heat, are the elevations of tempera- 
ture, and' the quantities of oxygen consumed 
conjointly. We see that hydrogen produces 
more beat in combustion than any of its com- 
pounds, a fact accordant with Mr. Dalton*s 
results in the formea table; only Sir H. 
Davy's ratio is more than double that of Mr. 
Dalton's,. as to hydrog^en, and carburetted 
liydrogen. On this p«mt, however, Sh- H.. 



witii his ufloal asgtfcity rematln, tf»t it wiB 
be useless to reason upon the ratios as exacts 
for charcoal was deposited from both the 
olefiant gas and coal gas during the dPeri- 
ment, and much sulpmiz was deposited irom 
the sulphuretted hydrogen. It confirm^ 
however, the general conckisibns, and proT«s 
that hydrogen stands at the head of the scale* 
and carbottc oxide at the bottom. It might 
at first view be imagined, that^ according to 
this scale, the flame of carbonic o^de ought 
to be extinguished by rarefaction at the same 
degree as that of carburetted IiTdfogen; but 
it must be remembered, as has been already 
shown, that carbonic oxide is a much motd 
easily kindled, a more accendible gas. 

4f Cfthe eaxues which modify or exfiflguulk 
eomtusUon or flame. 

The earlier experimenters upon the Boo- 
lean vacuum observed, that flame ceased in 
highly rarefied sir; but the degree of rare- 
fiiction necessary for this effect* lias been 
difterently stated. On this point. Sir H. Da- 
vy*s investi^tions are peculiarly beautiful 
and instructive. When hydrogen gas, slow- 
er produced from a proper mixture, was in- 
flamed at a fine orifice of a glass tube, as in 
Priestlejr^g philosophical candle, so as to 
make a jet of ftame of about 1.6th of an 
inch in height, and introduced under the 
receiver of an ur-pump, containing fiwm 
SOO to 300 cubical uiches of air, the flame 
enlarged as the receiver beoame exhausted; 
and when the gauge indicated a pressure, 
between 4 and 5 times less than that of the 
atmosphere, was at its maximum of size; it 
then gradually diimnished below, but burn- 
ed above, till its pressure was between 7 
and 8 times less: when it became extin- 
guish ed 

To ascertun whether the e^ect depended 
upon the deficiency of oxygen, he used a 
larger jet with the same apparatus, when the, 
flame to his surprise, burned longer, even 
Inrhenthe atmosphere was rarefied 10 timesi 
and this in repeated trials. When the larger 
and this isin repeated trials. When the larger 
jet came white-hot, and continued red-hot tiB 
the flame was extinguished. It immediately 
occurred to him, that the heat communicat- 
ed to the gas by this tube, was the cause 
that the combustion continued longer in the 
last trials when the larger flame waa used: 
and the following experiments confirmed 
the condusion. A piece of wire of plati- 
'mim was coiled round the top of the tube, 
9o*aato reach into and above the flame.-— 
The j6t of gas of 1.6tli of an inch in height 
%as lighted, and the exhaustion made.— 
The Wire of platinum soon became white- 
hot in the centre of the flame, and a small 
point of wire near tlie top fused. It contin- 
ued white4iot, till the pressure was 6 times 
less. When it was 10 times, it continued 
red4)ot at the upper part, and as long as it 
wan duQ red, the gas, though certainly e^ 
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tffiffiiished belov, oontiiraed to burn in cos- 
tact with the hot wire, and the combtiftioa 
did not cease, until the preamirc waa ve* 
duced 13 times. 

It appears from this result, that the flame 
of hydrogen is extinguished in rarefied at^ 
mospheres, only when the heat it producea 
is insufllcient to keep up the oonibastion: 
which appears to be when it is incapable of 
eomrnunicating visible ignition to metal; and 
as this is the temperature required for the 
inflammation of hydrogen, (see section 1st,) 
at common pressure, it appears that Hs com- 
InutiMiiy is neither ^minished nor increased 
by rarefaction from the removal of pressure. 

Accordinpf to this view, with respect to 
hydrr)^en, it should foUow, that those a- 
motigst other combustible bodies, which re- 
quire less heat for their accension, oug^t to 
burn in more rarefied air than those that re- 
quire more heat; and those which produce 
much heat jn their combustion ought to burn, 
other circumstances being the same, in more 
rarefied air, than those that produce little 
heat. Every experiment since made, con- 
firms these conclusions. Tims olejiant gas, 
which approaches nearly to hydrogen, in the 
temperature produced by its combustion, 
and which does nut require a rmich higher 
temperature for its accension, when its flame 
was made by a jet of gas from a bladder 
connected with a small tube, furnished with 
a wire of plantinum, under the same circum- 
stances as hydrogen, ceased to burn when 
t]ie pressure was diminished between 10 and 
11 times. And the flames of' alcohol and of 
the wax taper, which require a ^ater con- 
sumption of caloric for the volatilization and 
decomposition of their combustible matter* 
were extinguished when the pressure was S 
or 6 times less without the wire of platinum, 
and r or 8 times less when the wire was 
kept in the flame. Liglit carburetted hydro- 

gen, which, produces, as we have seen, less 
eat in combustion than any of the common 
cr>mbusiible gases, except carbonic oxide, 
and which requires a higlier temperature for 
its accension than any otlier, has its flame 
extinguished, even though the tube was fur- 
nished with Uie wire when the pressure was 
below l-4th. 

The flame of carbonic oxide, which though 
it produces little heat in combustion, is as 
accondible as hydrogen, burned when the 
wire was used, the pressure being l-6ih. 

The flame of sulphuretted hychrogen, the 
heat of which is in some measure carried off* 
by the sulphur, produced .by its decomposi- 
tion during its combustion in rare air, when 
burned in the same apparatus as the olefiant 
and other gases, was extinguished when the 
pressure was l-7ih. 

Sulphur, which i^equires a lower tempera- 
ture for its accension, than any common in- 
fl an unable substance, exQept phosphorus* 
burned with a very feeble blue flame in air 



f«r«fied 15 times; and «k tids pmtnxc the 
flame heated a wire of plantinum to duU red- 
ness; nor wns it extiiuniiahed iSJi the pres- 
sure was reduced to l4lOth. Vrom Hie pre- 
ceding experimental fiKts we may bnfer, that 
the taper would be extinguislked at a height 
of between 9 and 10 miea» hydrogen be- 
tween 13 and 13; and sidphur between 15 
and 16. 

Phosphorus, as has been shown by H 
Van Maram, bums m an atnioq>here rare. 
fied ^ ^mes. Sir H. Davy found, that 
phosphnre^ed hydro^n promioed a flash of 
light when admitted into tiie best Tacuum 
that could be made, by an excellent pump 
pf Naim'a construction. 

Chkmne and hydrogen mflame at a much 
tower tem))eratore, than oxygen and hydro- 
gen. Hence the former mixture explodes 
when rarefied 24 times ; the btter ceases to 
explode when rarefied 18 times. Heat ex- 
trinsically applied, carries on combustion, 
when it would otherwise be extmgmshed. 
Camphor in a thick metallic tube, which 
disperses the heat, ceases to bum in lur rare- 
fied 6 times; in a gbss tube which becomes 
igrated, the flame Of camphor exists under a 
ninefold rarefaction. Contact with a red- 
hot iron* makes naphtha glow with a Uun- 
bent flame at a rarefiiction of 30 times; 
though without foreign heat, its flame dies 
at an stmospheric raref^K^on gf 6. If the 
mixture of oxygen and h;^drogen expanded 
to its non-explosive tenmty; be exposed to 
the ignition of a gUss tube, the electric spark 
will then cause an explosion, at least in the 
heated portion of the gases. 

We rtiall now detail briefly the effects of 
rarefaction by heat on combustion wad ex- 
plosion. Under Calohic we have shown, 
that air by being heated fiom 329 to 2139 
expands -;; or 8 parts become 11 ; hence 
the expansion of one volume of air at 213^ 
into 2 i, or the augmentation of 1.5 <«- H 
which ^ir H. Davy found to take place when 
the enclosing glara tube began to soften with 
ignition, w'dl indicate 932<>. For -^ ; ISO^' : : 

^ : 720°, to which ifwe add 2l2«,tiie sum 
IS 9S2?. One of air at 212 becoming 2^, as 
^pok place in the other experiment of Sir 
H. Davy, wUl give us (180® X -y-) + 212« 
-> 812^ fbrthe heat of fusible metal lumin- 
ous in the shade. I believe these experi- 
ments to be much more accurate than a ly 
hitherto given, relative to the temperature 
of incandescence. This philosopher, whose 
ingenuity of research is usually gtiided by 
the most rigorous arithmetic, estimates the 
first temperature from the above data of 
Gay-Lussac, at lOSS** Parenheit. I there- 
fore hesitate to ofler a discordant computa- 
tion. One volume of air at 212^, should be- 
come at a tempejature «f 1035^, accoid- 
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il^ to tke nle I iiae» 3.715 parti^ inrteadoT 

Sir H. introdnced into a mwU glass tube 
over well boiled mercury, a mixture of tvo 
parts of hydrogen and one of oxygeiit and 
beated the tube by % spirit lamp, till the 
volume of the gas was inareased iirom 1 to 
3.5. By means of a blow-pipe and another 
lamp, he made the upper part of the tube 
red-hot, when an explosion instantly took 
place. This experiment refutes the notions 
of M. de Grotthus, on the non-explosiTenev 
of that raixtore, when expanded by hett— 
He introduced into a bladder a mixture of 
oxygen and hydrogen, and connected tliis 
bladder with a thick ^lass tube of about one* 
sixth of an inch in diameter, and three feet 
long, curved so that it could be gradually 
heiSed in a charcoal furnace; two spirit* 
lamps were placed under the tube, where it 
entered the charcoal fire, and the mixture 
was veiy slowly passed through. An ex- 
plosion took place; before the tube was red- 
hot. I'his fine experiment ^ows, that ex- 
pansion by heat, instead of dim.nishing the 
accendibiMty of gases, enables them, on the 
contrary, to explode apparently at a lower 
temperature ; which seems perfectly reason- 
able, as a part of the heat commumcated by 
any ignited body, must be lost in gradually 
raising the temperature. 

M. de Grotthus has stated, that if a glow- 
ing coal be brought into contact with a mix- 
ture of oxygen and hydrogen, it only rare- 
fies them, but does not explode them. This 
depends on the degree or heat communica- 
ted by the coal. If it is red in day-light, 
and free from ashes, it oniformlv explodes 
the mixture* If its redness be barely visi- 
ble in the shade, it will not explode them, 
but cause their slow combination. The gen- 
eral phenomenon is wholly unconnected with 
rarefaction; as is shown by the following cir- 
cumstance : When the heat is greatest, and 
before the invinble combination is comple- 
ted, if an iron wire, heated to whiteness, be 
placed upon the coal within the vessel, the 
mixture instantly explodes. 

Subcarburetted hydrogen, or fire-damp, as 
has been shown, requires a veiy stronf^ heat 
for Its inflammation. It therefore offered a 
good substance for an experiment, on the 
efiect of hig|h degrees of rarefaction, by heat 
on combustion. One part of tliis gas, and 
eight of air, were mixed togetlier, and in- 
troduced into a bladder furnished witli a 
capillary tube. This tube was heated till it 
began to melt The nuxture was then pass- 
ed through it, into the flame of a spirit-lamp, 
when it took fire, and burned with its own 
peculiar explosive light, beyond the flame of 
the lamp ; and when withdrawn, thoug^h the 
aperture was quite white-hot, it continued 
to burn vividly. 

That the compression in one part of an 
explosive mixture prodoQed by ne sodde^ 



txpunAtm of ano^ier part by heat, or the 
electric spark, is not the cause of combus- 
tion, as has been supposed by Mr. Higgins, 
M. Berthollet, and othera, appears to be 
evident from what has been sUted, and is 
rendered still more so by the following facU i 
A mixture of bi-phospburetted hydrogen 
gis and oxygen, wlitdi explode at a heat a 
Btde above that of boiling water, was con- 
fined by roercuiy, and veiy gradually heated 
on a sand bath. When the temperature of 
the mercury was 242^, the mixture explo- 
ded. A similar mixture wss placed in a re- 
ceiver communicating with a condensine 
syringe, and condensed over mercurv till 
it occupied only one-fifth of its oric^inal vo- 
lume. No explosion took place, and no che- 
mical change had occurrad; for when its 
volume was restored it was instantly explo- 
ded by the spirit-lamp. 

It would appear then that the heat given 
out by the compression of gases, is the real 
cause of the combustion which it produces ; 
and that at certain elevations of temperature, 
whether in rarefied or compressed atmos- 
pheres, explosion or combustion occura; 
that is, bodies combine with the production 
of heat and light 

Since it appears that gaseous matter ac- 
qiures a double, triple, quadruple, &c. bulk, 
by the successive increments of 480° F. 2 
X 480®, 3 X 480°, &c. we may gain ap- 
proximations to the temperature of flame, 
by measuring the expansion of a gaseous 
mixture at the instant of explosion, provided 
the resulting compound gas ocaipy, aftes 
cooling, the same bulk as the sum of its con- 
stituents. Now this is the case with chlo- 
rine and hydrogen, and with prussine and 
oxygc'-n. I'he latter detonated in tlie pro- 
portion of one to two, in a tube of about 
two-fifths of an inch diameter, displaced a 
quantity of water, which demonstrated au 
expansion of 15 times their original bulk. 
Hence 15 x 480° — 7200° of Fahr. and the 
real temperature is probably much higher; 
for heat must be lost by communication to 
the tube and tlie water. The heat of the 
g^aaeous carbon in combustion in this gas, 
appears more intense tlian that of hydro- 
gen i for it was found that a filament of plu- 
tinum was fused by a flame of piiissine (cy- 
anogen) in the air, which was not fused by 
a similar flame of hydrogen. 

We have thus detailed the modifications 
produced in combustion by rarefaction, me- 
chanical and calorific. It remains on this 
head to stote tlie effects of the mixture of 
different gases, and those of different cool- 
ing orifices, on flame. 

In Sir H. Davy's first paper on the fire- 
damp of coal muies, he mentioned that caiw 
bonic acid had a greater influence in de- 
stroying the explosive power of mixtures of 
fire-damp aim air, than azote; and he sup- 
pose otfl coaoseto be its greater density and 



it nugbt exert • gmter cooling araicy, md t^o pnU of hydrogen and one part of oxy- 

thu8]>reTenttheteinpei«tiiteoftfaeinixtuve gen by metsure, «id diluting them with 

from being niied to that degree necetaaiy Tanout quantities of differem elastic fluids, 

fbr combustion. He subsequently made s he asoeitained at what degree of dilution, 

series of experiments with the view of de- the power of inflammation 1^ a strong spark 

termimng how fin* this idea is correct, and from a Leyden pbiat was destroyed. He 

for the purpose of ascertaining the general found that fer one of the mixture, infls i mn ai 

phenomena, of the effects of the mixture of tioa was 
fsseoos sobstanees upon oxplosion and com- 
Miition. 

Prweniedhy PermUtedwUk. CsofiiMr power, «sr •» 1. 
Ofbydrogen, 8 6 2M 

Oxygen, 9 7 1.12 

Kitnnis oxide, 11 10 0.75 (the mean) 

6ubcarburetted hydrogen, 1 i S.18 (coal gas) 

Sulpliuretted hydrogen, .2 l| 

defiant gas, § ~ 1.6 

Muriatic acid ga% d IJ 

Chlorine, 0.66 

Silicated fluoric gas, ^ ^ 

Azote, 1.33 

Carbooic acid, OJTT 

Tlie first column of the preceding table in the constitution of the light gases, wWch 
shows, that other causes, b^^sides density and enables them to carry off heat from solid 
capacity for heat, interfere with the pneno- surfaces in a different maimer from Uiat in 
meiia. Thus nitrous oxide, which is nearly which they would abstract it in gaseous miil- 
ene-third denser than oxygen, and which, turcs, depending probably on the mobility 
according to Delaroche and Berard, has a of their parts. Those particles which are 
greater capacity for heat, in the ratio of lightest must be conceived most capable of 
1.3503 to 0.9765 by vohime, has lower pow- changing place, and would therefore cool 
ers of preventing explosion. Hydrogen al- solid suifuces most rapidly; in the cooling 
80, which is fifteen l mcs lighter thkn oxy> of gaseous mixtures, the mobility of the par- 
gen, and which in equal volumes has a small- ticles can be of Uttle consequence, 
or capacity for heat, certainly has a higlier Whatever be the cause of the different 
power of preventing explosion; and olefi- cooling powers of the different elastic fluids 
ant gas exceeds all other gaseous substan- in preventing inflammation, very simple ex- 
ces, in a much higher ratio than could periments show that they operate uniformly 
have been expect^ from its density and with respect to the difle rent species of corn- 
capacity, bustion; and that those explosive mixtures, 

I have deduced the third column, from Sir or inflammable bodies, which require least 

H. Davy's experiments on the relative times heat for their combustion, requure larger 

in wliich a thermometer, hei^ted to 160**, quantities of the different gases to prevent 

when plunged into a Volume of 21 cubic the effect, and vice verso. 'Hius one of chlo- 

incites of the respective gases at 52^, took rine and one of hydroeen still inflame when 

to cool down to IQGP. Where an ekstic mixed with eighteen times their bulk of oxy- 

fluid exerts a cooling influence on a solid pen; whereas a mixture of carburetted by- 

surface, the effect must depend principally drogen and oxygen, in the proper propor- 

upon the rapidity with which its particles tions (one and two) for combination, have 

^iiange their places ; but where the cooling their inflammation prevented by less than 

particles are mixed tliroughout a mass with three times their volume of oxygen. A wax 

other gaseous particles, their effect must taper was instantly exting^iished in air mixed 

depend principally upon the power they with one*tenth of silicated fluoric acid, and 

possess gSP rapidly abstracting heat from the in air mixed with one-sixth of muriatic acid 

contiguous particles; and this will depend gasr but the flame of hydrogen burned rea- 

probably upon two causes, the simple ah- dily in tliose mixtures; and in mixtures which 

stracting power by which they become extinguished tlie flame of hydrogen, tlie flame 

quick Ijr heated, and their capacity for heat, of sulphur burned. (See the beginmng of tec- 

which is great in proportion as their tempe- tion Is/.) 

matures are less raised by this abstraction. — In cases, however, in which the heat re- 

The poxyer of elastic fluids to abstract heat quired for chemical union is very small, as 

ftrom solids, appears fitjm the above expert- in the instance of hydrogen and chlorine, a 

ments to be in some inverse ratio to their mixture which prevents inflammation will 

dejs5it3;j and there seems to be something not prevent combuiAtion, tiwt is, tii» 



tHI eemblne wHlimit any flash. If two vo* gfl 

Hnaea of carburetted hydrogen be added to te 

a mixture of one of chlorine with one of te 

hydrogen, murwtic acid is foimed through- iui 

oat the mixture and heat piodiieed» aa waa is 

evident fxtrnt the expansion when the apark An 

Ced, and tiie rapid contraction afterwards^ of 

the heat was ao rapidly carried «iff by pi 

the quantity of carburetted hydrogen, that to 

no flash was visible. wi 

Experiments on combustion In condensed th 

air, to see if the cooling power waa much stj 

increased tiiereby, show that, as rare£eiction he 

does not diminish considerably the heat of m 

flame in atmospherical air, so neither does of 

condensation considerably increase it; a cir- P} 

cumstance of great importance in the con- ^^ 

stitution of our atmosphere, which at all ^^ 

heights or depths, at which man can exist, o^ 

still preserves the same relations to combus- ^^^ 

tion. w 

It may be concluded flom the general sn 

lav, that at high temperatures, gasea not ^ 

concerned in combustion will have less C" 

power of preventing that operation, and co 

bkewiae that steam and vapours, which re- ^ 

quire a consideiable heat for their formation, ^ 

win have leas effect in preventing combus- P5 

tion, particularly of those bodies requiring ®" 

low temperatures, than gases at the usuiJ **f 

heat of the atmosj>bere. Thus, a very large P' 

quantity of steam is required to prevent sul- JJ^i 

pbur from burning. A mixture of oxygen oc 

and hydrogen "will explode hy the electric P* 

spark, though diluted with five times its vo- >"' 

lome of steam ; and even a mixture of ur *' 

snd carburetted hydrogen gas, the least ex- ^^ 

plosive of all mixtures, recjuires a third of P<^ 

steam to prevent its explosion, whereas one- P^ 

fifdi of azote will produce that effect. These ^F 

trials were made over mercury. Heat was of 
applied to water over the mercury, and 37. 5 

for 100 parts =-5" was regarded as the cor- of 

rection for the expansion of the gases. n« 

^e dboff nmp treat of the eject* of cooiing ^^ 

^Jicu on fame. The knowledge of the hj 

cooling power of elastic media, in preventing th 

the explosion of the fire-damp, led the illus- w! 

trious English chemist,' to those practical m 

researches, which terminated in his grand ei 

discovery of the wire-gauze safe-lamp. The ca 

general investigation of ihe relation and ex- qi 

tent of those powers, serves to elucidate the to 

operation of wire-gauze and other tissues or h< 

systems of apertures, permeable to light and ai 

sir, in intercepting flame, and confirms the w 

views originally given of this marvellous ci 

phenomenon. We have seen that/ain«is w 

Rueous matter, heated so highly as to be el 

luminous, and that to a degree of tempera- th 

^u* beyond the white heat of solid bodies; k 

for iur not luminous will communicate this la 

degree of heat. When an attempt is made m 
^.paasfiame through a very fine mesh of 
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^ire-gaiize of the common lemperatnre, Ac its 



Ilie Kale of gMeow tieeeaAm, i^flu i» 
Ike fint feetion, eipbini, why to fine • 
wkA of wire if requued t» hinder the ex- 
plomm horn hydrogen end oxygen, to pes; 
and why flo coene a teiture and wu:«> oon- 
iMul the exploaion of fire-damp. The ge- 
Beiml doetrine^ indeed, of die operation of 
wire-^ze, oamiot be better efaiddated» 
than in its effiectaupon the flame of sulphur. 
When wire-gmuae, of 600 or 700 apertures 
to the aquare inch, is held over the flame, 
fumes of condensed aulphur immediately 
some through it, and the flame is intercept- 
ed. The fumes continue for some instanti, 
but on the increase of the heat, they dimi- 
nish; and at the moment when &ey disap- 
pear, which is long b^ie the gauae be- 
comes red-hot» the flame passes; the tem- 
perature at which sulphur bums being that 
at which it is gaseous. 

Where rapid currents of explomve mix- 
tures, however, are made to act upon wire- 
Euze, it is ol* course much more rapidlv 
iUed: and therefore, the same mesh which 
arrests the flames of explosive mixtures at 
irest, will suffer them to pass when in rapid 
motion. But, by increaung the cooling sur- 
fiice, by diminishing the apertures in size, or 
increasing their depth, all Jlame$, however 
rapid their wttum, may be arrested* Pre- 
cisely the same ]aw applies to explosions 
acting in close vessels. Veiy minute aper- 
tures, when tfaev are only few in number, 
will permit expionons to pass^ which are 
arsested by much lai^er apertures when they 
flU a whole surface. A small aperture was- 
drilled at the bottom of a wire-gauze hmp, 
m the cylindrical ring, whidi coniines tiie, 
ipaoxe. Thisy though less than ^ otan 
mch in ^ameter, transmitted the flame^ and 
fired the external atmosphere, in conse- 
qpence of the whole force of the explosion 
«^the thin stratum of the mixture^ included 
mitliin the cylinder, driving the flame through 
the aperture . Had the whole ring, however, 
been composed of such apertures separated 
by wires, it would have been perfectly safe. 

If othing can demonstrate more decidedly,, 
iSh&n these simple &cts i^d observations, 
that the interruptlim of flame, by solid tis- 
sues^ permeable to light and air, depends 
npon no recondite or mysterious cause, but 
on their cooling powers, simply considered 
as such. When a light, included in a cage 
of wire^uze, is introduced into an explo^ 
five atmosphere of fire-damp at rest, the 
maximum of heat is soon obtained ; the ra«> 
diatiiig power of the wire,' and tlie cooling 
•fleet of the atmosphere, more eflident from 
Ifie admixture of inflammable air, prevent' 
it from ever arriving at a temperature equal 
tlO' that of dull redness. In rapid currents 
of explosive mixtures rlf fire-damp, which 
heat common gauze to a higher tempera- 
1u]f^, twilled g^uze, in which the radiating 
surface is cousidecably greater, and the cir- 



•uisfioii of sir ksB, pttmtiw m eqaidble 
tempeffature. indeed, the heat coommm* 
cated to the wire by combustioB of the &e^ 
damp in wirs^gaiize kmpa, is completely in 
the power of the manutetorer. ^^diminiah- 
ing the apertures, and increawig Ite 
of metal, or the radiating surface. 



diminished to sny extent 



it may be 
Thk^ twilled 



gauze, made of whes -^ 16 to the warp, 

and 30 to the weft, rivetted to the screw, to 
prevent the possibility of displacement, forms 
a lamp cage, which, fronv its flexibility, can- 
not be broken, and from its strength cannot 
be crushed, except by a very violent blow. 
The lamp which has been found most con- 
venient for the miner, is that composed of 
a cylinder of strong wire-gauze, fastened 
roQiid the flame by a screw, and in which 
the wick is trimmed by a wire passing 
through a safe aperture. Such have now 
been used fbr many years, in the most dan- 
gerous mines of England, without any acci- 
dent. Whatever explosive disasters have 
happened ttnce, may be imputed to the ne- 
glect, or gross and culpaUe mismanagement, 
of that infidlible protector. See Iumt. 

When the fire-damp ia inflamed in the 
wire-gauze cyiinders, coal dust thxewn into 
the lamp, bums with strong flashes and scin- 
tillations. The miners were at first alarmed 
by an efl'ect of this kind, produced by the 
dust naturally raised during the working of 
the coals. 

But Sir H. Davy showed, by deeiave ex- 
periments^ that explosion coukl never be 
communicated by them, to the gas of any 
mine. He repeatedly threw coal dust* pow- 
dered rosin, and witch-meal, through Ihmps 
burning in more explosive mixtwes, than 
ever occur in coal mines ; and though he 
kept these substances floating in the explo- 
sive atmosphere, and heaped them upon the 
top of the lamp when it was red-hot, no ex- 
plosion could ever be cotnmunicated. Phos- 
phorus or sulphur, are the only substances 
which can produce explosion, by being ap« 
plied to the ou^ide of the lamp ; and sul- 
phur, to produce the eflTect, must be appli- 
ed in larfipe quantities, and fanned by a cur- 
rent of Iresh ur. He has even blown re- 
peatedly, fine coal dust mixed with minute 
Quantities of the finest dust of gunpowder, 
mrough the lamp burning in explosive mix- 
tures^ without any communication of explo- 
sion. The most timorous female might 
traverse an explosive coal mine, gukled by 
the li|^t of the double cylinder hunp, with- 
dut feeling the ^ghtest apprehenaon. 

5. Wemve-now arrived at the most cu- 
rioOs of all Sir H.'s discoveries rebtive to 
fire, namely, mvieibUf condntstion. 

On patemg mixtures of hydrogen and 
oxygen throi^ tubes heated below redness, 
steam appeared to be formed without any 
combustion. This led him to expose mix- 
tares of oxygen and hydn^n t» heat, la 



tubes, » iriikh tliej were eoafiiM by flttid 
fusible metal. He found, that, by Cttefii% 
applyinSP a beat between the b<nling point 
of mercmyt which it not sufficient for the 
efiect, and a heat approaching to the gre«k- 
est beat ths^ can be given without making 
glass Ittininoas in darkness, the combina- 
tion was effected without any violence, and 
without any light; and commencing with 
912, the Tolume of steam formed at the 
point of combination, appeared exactly 
equal to that of the ori^nal gases. So that 
the first effect in experiments of this kind, 
u an expanmon, i^erwards a contraction, 
snd then the restoration of the primitive 
volnme. 

When this change is going on, if the 
heat be quickly raised to redness, an ex- 
plosion takes place. With small quantities 
, of gas, the invisible combustion is complet- 
ed in less than a minute. It is probable 
that the riow combination without combus- 
tioB, long ago observed with respect to hy- 
drogen and chlorine, oxygen and n^taU, 
will happen at certiun temperatures with 
most substances that unite by heat. On 
trying charcoU, he found, that at a lempe- 
rature which i^peared t6 be a little above 
the bailing point of quicksilver, it converts 
ed ox^n pretty rapidly into carbonic 
acid, without any luminous appearance; 
and at a dull red-beat, the elements of 
olefiant gas combined in a similar manner 
with oxygen, slowly and without exfilo- 
sion. Tl^ effect of the slow combinati<» 
of oxygen and hydrogen is not connected 
with their rarefaction by heat, for it took 
place when the gases were confined in a 
tube by fusiUe metal, rendered solid at 
its upper surface; and certainly as rapidly, 
and without any appearance or light. 

As the temperature of flame has been 
shown to be infinitely higher than that ne- 
cessary for the ignition of solid bodies, it 
Appeared probable, that in these silent 
Combinations of g^aseous bodies, when the 
increase of temper'ature may not be suffi- 
cient to render the gaseous matters them- 
selves luminous, yet it still might be ade- 
quatie to ignite solid matters' exposed to 
them. 

Sir H. Davy had deidsed several experi- 
n^entson this subject He had intended to 
^pose fine wires to oxygen and olefiant 
Z^t and to oxygen and hydrogen, during 
Iheir slow combination under different cir- 
cumstances, when he was accidentally led 
^0 the knowledge of the fact, and at the 
•woe time to the discovery of a new and 
^ous series of phenomena. 

He Was making experiments on the in- 
case of the limits of the combustibility 
?i gaseous mixtures of coal-gas and air, by 
mcrease of temperature, For this pur- 
^^9 a small wire-gauae safe-lamp, with 
^e fine wire of platinum fiked above the 



•ttne, was introduced int» a eondmmbl^ 
mixture, containing the maximum of coij* 
gas. When the infiammation had takes 
place in the wire-gauze cylinder, he threw 
in more coal<gas, expecting that the heal 
acqiured by the mixed gas, in passing 
tiirough the wire-gauae, would prevent the 
excess from exting^tahlog the flame. The 
flame continued for two or three seconds 
after the coal gas was introduced; and 
when it was acting^ Aed,' that part of the 
wire of platinum which had been hottesl^ 
remuned ignited, and continued so for 
many minutes. When it was removed into 
a dark room, it was evident that there wae 
so flame in the cyfinder. 

It was immediately obvious that this was 
the result which he had hoped to attain by 
other methods, and the oxygen and coai- 
l^asin contact with the hot wire, combin- 
ed without flame, and yet produced heat 
enough to preserve the wire ignited, and 
keep up their own secret combutHon, The 
truth of this conclusion was proved by in- 
troducing a heated wire of platinum into a 
similar mixture. It immediately became 
ignited nearly to whiteness, as if it had 
^en in actual combustion itself, and con- 
tinued glowing for a long while. When ii 
•mat extmguuh&df the inflammability of ike 
mixture wat found to he entirely dettroyed. 
A temperature much below ignition ooly« 
was necessary, for producing this curious 
phenomenon, and the wire was repeatedly 
tjdcen out and cooled in the atmosphere 
till it ceased to be visibly red; yet when 
admitted again, it instantly became red* 
hot ' 

The same phenomena were produced 
with mixtures of olefiant gas and air, car- 
bonic oxide, prussic f^as, and hydrogen; 
and in this last case with a rapid prodnc- 
tion'of water. The degree of heat cotUd 
be regulated by the thickness of the wire. 
When of the same thickness, the wire be- 
came more ignited in hydrogen, than In 
mixtures of olefiant gas, and more in mix- 
tures of olefiant gas, than in those of gase- 
ous oxide of carbon. 

When the wire was very fine, as l-80th 
of an inch in diameter, its heat increased 
in very combustible mixtures, so as to ex- 
plode them. The same wire in less com- 
bustible mixtures, continued merely bright 
red, or dull red, according to the nature of 
the mixture. In mixtures not explosive by 
flame within certain limits, these curious 
phenomena took place, whether the air or 
the inflammable gas was in excess. The 
same circumstances occurred with certain 
inflammable vapours. Those of ether, al- 
cohol, oil of turpentine, naphtha, and cam- 
phor, have been tried. There cannot be a 
better mode of illustrating the fact, than 
by an experiment on the vapour of ether 
•r of alcohol, which any person may make 



into a cold glass, or a drop of alcohol into 
a warm one; let a few coils of wire of pla- 
tinum, of the 1.60th or 1.70th of an tnch» 
be heated at a hot poker or a candle, and 
let it be brought into the glass: In some 
part of the glass, it will become glowing, 
almost white^iot, and will continue so, as 
long as a sufficient quantity of vapour and 
of air, remain in the glass. 

When the eiperiment on the stow com- 
bustion of ether is made' in the dark, a pale 
phosphorescent light is perceived above 
the wire, which is of course most distinct 
when the wire ceases to be ignited. This 
appearance is connected with the forma* 
tion of a peculiar acrid volatile substance, 
possessed of acid properties. See Acib 
(Lamp I g). The above experiment has 
been ingeniously varied by sticking loose* 
ly on the wick of a spirit lamp, a coil of 
ftne platinum wire, about -r^^ of an inch 
in thiclaiesa. There should be about l6 
spiral turns, one-half of which should sur* 
found the wick« and tlie other rise above 
it. Having lighted the lamp for an instant, 
on blowing it out, the vfire will become 
brightly ignited, and will continue to glow 
as long as any alcohol remains. A cylin* 
der of camphor may be substituted for 
both wick and spirit The ignition is very 
bright, and exhales an odoriferous vapour^ 
"With oil of turpentine,, the lamp bums in^ 
tiribly without igniting the wire; for a 
dense column of vapour is perceived to as- 
cend from the wire, diffusing a smell by 
many thought agp'eeable. By adding essen^ 
tial oils in small quantities to the alcohol^ 
various aromat may be made to perfume 
the air of an apartment. But the film of 
^arcoal which in this case collects on the 
platina coil, most be removed by ignition 
over another spirit flame, otherwise the ef- 
ieet ceases after a certain time. 

The chemical changes in general, pro- 
duced by slow combustion, appear worthy 
of investigation. A wire of platinum in- 
Iroduced under the usual circumstances 
into a mixture of prussic gas (cyanogen), 
^nd oxygen in excess, became ignited to 
whiteness, and the yellow vapours of ni- 
frous acid were observed in the mixture, 
lii a mixture of olefiant g^s, non-explosive 
#om the excess of inflammable gas, much 
carbonic oxide was formed. Platinum and 
palladium, metals of low conducting 
^powers, and small capacities for heat, alone 
anicceed in producing the above phenome- 
na. A film of carbon or sulphur deprives 
^ven these metals of this property. Thin 
laminae of the metals, if their form admiu 
of a free circulation of air^ answer as well 
as fine wires; and a large surface of plati- 
num may be made red-hot in the vapour of 
ether, or in a oombottible mixture of coal 
sraaaadair. 



application ot these new tacts. By hang^ 
ing some coils of fine pla^num wire, or a 
fiM sheet of platinum or palladium, above 
the wick of the safe4amp in tbe wire-gauze 
cylinder, he has supplied the coaUiiiiner 
with light in mixtures . of fire-damp M 
kmger explosive. Should the flame be exp 
tinguished by the quantity of fire-damp, 
the glow of the platinum will continue to 
gui<& him; and by placing the lamp in dif- 
ferent parts of the gallery, the relative 
brightness of the wire will, show the 'state 
of the atmosphere in th^se. parts. Nor can 
there be any danser with respect .to respi- 
ration wherever the urire continues ignite 
ed; for even t&is phenomenon ceases, when 
the foul air forms about f 0^ the volume of 
the atmosphere. 

Into a wire-g^uze safe-lamp, a small cage 
made of fine wire of platinum, of l-70th of 
an inch in thickness, was introduced, and 
fixed by means of a thick wire of pla- 
tinum, about 2 inches above the lighted 
wick. This apparat^s was placed in a 
large receiver, in which, by means of a 
gas-holder, the air could be contaminated, 
to any extent with coal-gas. As soon as 
there was a slight admixture of coal-gas^ 
the platinum became ignited. The igni- 
tion continued to increase till the flame of 
the wick was exting^shed, and till the 
whole cylinder became filled with flame. 
It then diminished. When the quantity of 
coal-g^ was increased so as to extingpiish 
the flame, the cage of platinum, at the mo- 
ment of the extinction, became white hot, 
pre8entii\g a most brilliant light. By in- 
creasing the quantity of the coal-gas still 
further, the ignition of the platinum- be- 
came less vivid. When its light was baro- 
ly sensible, small quantities of air were ad- 
mitted, and it speedily increased. By re- 
gulating the admission of coal-gas and ur, 
it again became white-hot, and soon after 
lighted the flame in the cylinder, which as 
usual, by the addition of more atmosphe- 
ric air, rekindled the flame of the wick. 

This beautiful experiment has been very 
oflen repeated, and always with, the «ame 
results. When the wire^ for the support of 
the cage, whether of platinum^ wlver, or 
copper, was very thick, it retained suffi- 
cient heat, to enable the fine platinum wire 
to rekindle in a proper mixture half a mi- 
nute after its light had been entirely des- 
troyed, by an atmosphere of pure coal-gas. 
The phenomenon of the ignition of the pla- 
tinum, takes place feebly in a mixture con- 
sisting of two of air and one of coal-gas: 
and brilliantly in. a mixture consisting of 
three of air and one of coal-gas. The 
greater the quantity of heat produced, the 
g^reater may be the quantity of the coal- 
gas, so that a Isrge tissue of wire made 
vbite*^oty wiU bum in a moro infiammabk 




mable gas), than one made red-bot. If a 
mixture of three pai*ts of air and one of 
fire-damp, be introduced into a bottle, and 
inflamed at its point of contact with the 
atmosphere, it will not explode, but will 
burn uke a pure inflammable substance, 
if a fine wire of platinum, colled at its end, 
be slowly passed through the flame, it will 
continue ignited in the body of the mif- 
ture, and the same gaseous matter will be 
found to be injlammable, and to be a tup- 
porter of combustion. When a large cage 
of wire of platinum is introduced into a 
very small safe-lamp, even explosive mix- 
tures of fire-damp are burned without 
Aame; and by placing any cage of platinum 
in the bottom of the lamp round the wicks 
the wire is prevented from being smoked. 
Care should he taken of course, that no 
filament of the platinum protrude through 
the wire-gauze. It is truly wonderful, that 
a slender tissue of platinum, which does 
not cost one shilling, and which is imper- 
ishable, should afford in the dark and dan- 
gerous recesses of a coal mine, a most briU 
Uant liffht, perfectly safe, in atmospheres 
in which the flame of the safety-lamp is 
extinguished; and which glows in every 
mixture of carburetted hydrogen gas that 
is respirable. When the atmosphere be- 
comes again explosiye, the Jlame is re- 
lighted. 

It is no less surprising, that thus also 
we can bum any inflammable vapour, 
either with or without flame, at pleasure, 
and make a slender wire consume it, either 
with a white or red heat. 

6. We shall conclude the subject of 
combustion with some practical inferences. 
The facts detailed on insensible com- 
bustion, explain why so much ipore heat is 
obtained from fuel, when it is buiMied 
quickly than slowly; and thev show, that in 
all cases the temperature of the acting bo- 
dies should be kept as high as possible, 
not only because the general increment of 
heat is greater, but likewise because those 
combinations are prevented, which, at 
lower temperatures, take place without 
*ny considerable production of heat. 
Thus, in tlie argand lamp, ai\d in the best 
fire-places, the increase of effect does not 
depend merely upon the rapid current of 
J^» but likewise upon the heat preserved 
by the arrangement of the materials of 
the chimney, and communicated to the 
Blatters entering into inflammation. 

These facts likewise explain, the source 
of the great error, into which Mr. Dalton 
?as fallen in estimating the heat given out 
in the combustion of charcoal; and they in- 
dicate methods by which temperature may 
he increased, and the limits to certain me- 
thods. Currents of flame can never raise 
Vol. I. 



er than a certam degree, that is, their owit 
temperature. But by compression, there 
can be no doubt, that the heat of flames 
from pure supporters and combustible 
matter may be greatly increased, pro[>ably 
in the ratio of their compression. In the 
blow -pipe of oxygen and hydrogen, the 
maximum of temperature is close to the 
aperture from which the gases are disen- 
gaged, that is, where their density is 
greatest. Probably a degree of tempera- 
ture far beyond any that has yet been at- 
tained, may be produced by throwing the 
flame from compressed oxygen and hydro- 
p^en into the voltaic arc, and thus combin- 
ing the two most powerful agents for in- 
creasing temperature. 

The nature of the light, and form of 
flames, can now be clearly understood. 
When in flames pure gaaeoua matter is 
burnt, the light is extremely feeble. The 
density of a common flame, is proportional 
to the quantity of solid charcoal, the first 
deposited and afterwards burned. The 
form of the flame is conical, because the 
greatest heat is in the centre of the explo- 
sive mixture. In looking stedfaetly at 
flame, the part where the combustible mat- 
ter is volatilized is seen, and it appears 
dark, contrasted with the part in which it 
begins to burn; that is, where it is so 
mixed with air as to become explosive. 
The heat diminishes towards the top of 
the flame, because in this part the quanti- 
ty of oxygen is least. When the wick in- 
creases to a considerable size, froth col- 
lecting charcoal, it cools the flame "by ra- 
diation, and prevents a proper quantity of 
air from mixing with its central part; in 
consequence, the charcoal thrown oflT fronk 
the top of the flame is only red-hot, and 
the greater part of it escapes unconsumed. 

The intensity of the Ught of flames in 
the atmosphere is increased by condensa- 
tion and diminished by rarefaction, appa- 
rently in a higher ratio than their hcais 
More particles capable of emitting light 
exist in the denser atmospheres, and yet 
most of these particles in becoming capa- 
ble of emitting light, absorb heat, which 
could not be the case in the condensation 
of a pure supporting medium. 

The facts oh rarefaction of inflammable 
gases show, that the luminous appearances 
of shooting stars and meteors, cannot be 
owing to any inflammation of elcutic fluids* 
but must depend on the ignition of »ofirf 
bodies. Dr. Halley calculated the height 
of a meteor at ninety miles, and the great 
American meteor which threw down 
showers of stones, was estimated at seven- 
teen miles high. The velocity of motion 
of these bo^es must in all cases be im- 
mensely greati and the heat produced by 
42 



from the velocity of motion, must be pro- 
bably sufficient to ignite the mass. All the 
phenomena may be explained, if falling' 
•tars be supposed to be small solid bodies 
novhig around the earth in very eccentric 
orbits, which become ignited only when 
they pass with immense velocity through 
the upper regions of the atmosphere; and 
if the meteoric botUet which throw down 
stones with explouons, be supposed to be 
similar bodies which contain either com- 
bustible or elastic matter. 

TVhen the common electrical or voltaic 
electrical spark is taken in rare air, the 
light is considerably diminished, as well 
as the heat. Tet, in a receiver that con- 
tained air 60 times rarer than that of the 
atmosphere, a piece of wire of platinum* 
placed by Sir H. Davy in the centre of the 
luminous arc, produced by the great 
voltaic apparatus of the Royal Institution, 
became white-hot; and that this was not 
owing to the electrical conducting powers 
of the platinum, was proved by repeating 
the experiment with a filament of glass, 
which instantly fused in the same position. 
It is evident from this, that electrical heat 
and light may appear in atmospheres, in 
which the flame of combustible bodies 
could not exist; and the fact is interesting 
from its possible application in explaining 
-the phenomena of the Aurora JBoreaUa axui 
•AuotraUe. 

Finally t ioe may ettabliah it at an axiom, 
that qombwtioti it not the ^reat phenomenon 
of chmmcal nature; but an adventitioua ac- 
cidental accessory to chemical combination, or 
decomposition; that is, to the internal motions 
of the particles of bodies, tending" to arrange 
them in a nero chemical constitution. 

Several cases of death, froni spontaneous 
combustion of the body, are on record. 
'The appearances resemble those which 
would be produced by phosphuretted hy- 
drogen.* 

CoMPTONXTE. A new mineral, found 
in drusy cavities, in ejected masses, on 
Mount Vesuvius. It occurs crystallized, 
in straight four-sided prisms, which are 
usually truncated on their lateral edges, 
so as to form eight-sided prisms, termma- 
ted with flat summits. Transparent, or 
semi-transparent. Gelatinizes with acids. 
It is sometimes accompanied with acicular 
Arragonite. It was first brought to this 
country by Loi-d Compton, in 1818. 

• Concretions (Morbid). Solid de- 
posites, formed by disease in the s6ft 
parts, or in the cavities of animal bodies. 
The former are usually called ossifications, 
as they seem to consist of calcareous 
phosphate. They are riamed, according 
to the part in which they are deposited, 
pineal; salivary, pulmonary, pancreatic, 
bcpatic, prostatic, gouty. Deposites in 



tneir resemoiance to peoDies. inese are 
intestimd, gall-stones or biliary, renal, and 
urinary. See the respective articles.* 

* CovGELATiov. lu ad^doH to the 
methods pointed out under Caloric, for 
effecting artificial congelation, we shall 
here describe the elegant mode by the air- 
|ftimp, recently perfected by Professor 
Leslie. 

The very ingenious Dr. Cullen seems to 
have been the first who appliedthe vacuum 
of an air-pump to quicken the evaporation 
of liquids, with a view to the abstraction 
of heat, or artificial congelation. In the 
year 1755, he plunged a full phial of ether 
mto a tumbler of water, and on placing it 
under the receiver, and exhausting the 
air, the ether boiled!, and the surrounding 
water froze. 

In the year 1777, Mr. Edward Nwrtie, a 
very eminent London optician, published 
in the Transactions of the Royal Society, 
'* an account of some experiments made 
with an air-pump." After sUttng tb«t at a 
certain point of rarefaction, the moisture 
about the pump furnished an atmosphere 
of vapour, which aflected his comparative 
results with the mercurial gauge and pear 
guage, he says, *< I now put some sulphu- 
ric acid into the receiver, as a means of 
trying to make the remaining contents of 
the receiver, when exhausted as much as 
possible, to consist of permanent air only, 
unadulterated with vapour. He was thus 
enabled by this artificial dryness to exhibit 
certain electrical phenomena to great ad- 
vantage. The next step which Mr. Naime 
took, was to produce artijicial cold by the 
ur-pump. "Having lately received from 
my friend Dr. Lind," he says, ** some ether 
prepared by the ingenious Mr. Woulfe, I 
was very desirous to try whether I could 
produce any considerable degree of cold by 
the evaporation of ether under a receiver 
whilst exhausting," Accordingly he suc- 
ceeded in sinking a thermometer, whose 
bulb was from time to time dipped into 
the ether in vacuo, 103* below 56**, the 
temperature of the apartment Mr. Nurne 
made no attempt to condense the vapour 
in vacuo by chemical means, and thus to 
favour its renewed formation from the li- 
quid surface; which I consider to be the 
essence of Professor Leslie's capital im- 
provement, on CuUen's plan of artificial re- 
frigeration. After Naime's removing the 
vapour of water by sulphiR'ic acid to pro- 
duce artificial dryness, there was indeed 
but a slight step to the production of arti- 
ficial cold, by the veiy same arrangement; 
but still this step does not appear to have 
been attempted by any person from the 
year 1777 till 1810, when Professor Leslie 
was naturally led to make it, by the train 



ft iHs TeseftrcHes on erftporatioii and hy* gi 

grometry. tl: 

The extreme rapidity of evaporation in T 

▼acuo, may be inferred from Dr. Itobison's ol 

position, that all liquids boil in :it, at a 01 

temperature 120° to 125® lower than their in 

usual boiling poiiit in the atmosphere, ol 

Could we find a liquid or solid substance ec 

which would rapidly imbibe alcohol, ether fo 

or sulphuret of carbon, we would probably p< 

be able to effect reductions of temperature tt 

p^odigiously grater than any hitherto v« 

reached. Water, however, has no doubt tii 

one- advantage, in the superior latent heat . p< 

of its vapour, which must compensate in a c< 

considerable degree for its inferior ra- ci 
pidity of vaporization. 

In the month of June 1810, Professor re 

Leslie having introduced a surface of sul- e^ 

phuric acid under the receiver of an air- ra 

pump, and also a watch-glass filled with of 

vater, he found that after a few strokes of m 

the pump, the water was converted into a pi 

solid cake of ice, which being lefl in the m 

iai;efied medium, continued to evaporate, su 

and after the interval of about an hour, to- si 

tally disappeared. When the air has been if 

nrefied 250 times, the utmo&t that under of 

au<^ circumstances can perhaps be effect- cc 

e.d, the surface of evaporation is cooled wi 

d^wn 120® Fahrenheit in winter, and would to 

probably, from more copious evaporation to 

and condensation, sink near 200® in sum- sii 

tter. If the air be rarefied only 50 tiroes, si 

a depression of 80®^ or even 100®, will be ra 

produqed. a< 

We are thus enabled by this elegant com- 

iHnation^ to freeze a mass of water In the of 

iiottest Weather, and to keep it frozen, till I 

it gradually wastes away, by a continued re 

^ invisible process of evaporation. The cs 

only thing required is, that the surface of st 

the acid should approach tolerably near to hi 

tiuit of the water, and should have a great- m 

er extent; for otherwise the moisture would aj 

exhale more copiously than it could be tii 

transferred and absorbed, and consequent- m 

ly the dryness of the rarefied medium in 

Would become reduced, and its evaporating si 

energy essentially impaired. The acid re 

jbould be poured to the depth of perhaps af 

n^f an inch,, in a broad flat dish, which it fe 

covered by a receiver of a form nearly c< 

heioispherical; the water exposed to con» ei 

gelation may be contained in a shallow cup^ c< 

^ut half the width of the dish, and hay« tli 

Jjjj? its rim supported by a narrow porce^ a 

»m ting, apheld above the surface of the ir 

•cid by three slender feet. It is of conse- tl 

llH^nce that the. water should be insulated b; 

tt much as possible, or should present only ir 

ft humid surface to the contact of the, aur* b( 

•'Wnding medium; for the dry sides of tho a 

^ might receive, by radiation from the w 
external iur^ such accessions of heat^ as 



years ago, whert I had a g^lass model of it 
ibade for class illustration. 

The combined powers of rarefaction, Tt- 
porization, and absorption, are Capable of 
effecting the congelation of quicksilver. If 
ihis metaly contained in a hollow pear« 
ihaped piece of ice, be suspended by cross 
dreads near a broad Surface of sulphuric 
Acid, utider a releiv^r, on urging the rare- 
faction, it will become A'ozen, and may be 
l^ept in the solid state for several hours. 
Or otherwise, having introduced mercury 
ihto the large bulb of a thermometer, and 
attached the stem to the sliding rod of the 
receiver, place this over the sulphuric acid, 
and water cup on the air-pump plate. Af- 
ter the air has been rarefied about 50 times, 
kt the bulb be dipped repeatedly into the 
▼ery cold but unfrozen water, and again 
drawn up about an inch. In this way it 
Will become incrusted with successive coats 
of ice, to the twentieth of an inch thick. 
The cup of water being now withdrawn 
from the receiver, the pendent icicle cut 
away from the bulb, and the surface of the 
ice smoothed with a warm finger, the re- 
ceiver is again to be replaced, and the bulb 
being let down within half an inch of the 
acid, the exhaustion must be pushed to the 
Utmost. When the syphon-gauge arrives at 
the tenth of an inch, the icy crust opens 
with fissures, and the mercury having 
gradually descended in the tube, till it 
feach its point of congelation, or 39** be- 
low zero, sinks by a sudden contraction 
almost into the cavity of the bulb. The 
Apparatus being now removed, and the ball 
speedily broken, the metal appears a aolid 
shining mass, that will bear the stroke of 
k hammer. A still greater degree of cold 
may be produced, by applying the same 
process to cool the atmosphere, which sur- 
rounds the receiver. 

When the acid has acquired one-tenth of 
water, its refrigerating power is diminish- 
ed only one-hundredth. When the quan- 
tity of moisture is equal to one-fourth of 
the concentrated acid, the power of gene- 
rating cold is reduced by a twentieth; and 
when the dilution is one-half, the coolirtg^ 
powers become one-half or probably less. 
Sulphuric acid is hence capable of effect- 
ing the congelation of more than twenty 
times its weight of water, before it has im- 
bibed nearly its own bulk of that liquid, 
or has lost about one-eighth of its reft-ige- 
rating power. The acid should then be 
removed, and reconcentrated by heat. 

The danger of using a corrosive acid in 
unskilful hands, may be obviated by using 
oatmeal, desiccated nearly to browime§8 be- 
fore a kitchen-fire, and allowed to cool in 
close vessels. With a body of this, a foot 
in diameter, and an inch deep. Professor 
Leslie frose a pound and a quarter of wa- 



cup. Muriate of lime in ignited porous 
pieces, may also be employed as an ab- 
sorbent. Even mouldering trap or whin- 
stone, has been used for experimental il- 
lustration with success. 

By the joint operation df radiation and 
evaporation from the surface of water, the 
natives of India are enabled to procure a 
supply of ice, when the temperature of the 
air is many degrees above the freezing 
point. Not far from CslcutU, in large open 
plains, three or four excavations are made 
in the ground, about 30 feet sqpiiarc, and 
2 feet deep, the bottom of whrch is covered 
to the thickness of nearly a foot with su- 
gar canes, or dried stalks of Indian com; 
On this bed are placed rows of small on- 
glazed earthen paXis, about an inch and a 
quarter deep, and somewhat porous. In 
the dusk of the evening, during the montiis 
of December, January, and February, they 
are filled with soft water, previously boiled 
and suffered to cool. When the weather 
is very fine and clear, a great [jart of the 
Water becomes frozen during the night. 
The pans are regularly visited at sanrise, 
and tnehr contents emptied into baskets 
which retain the ice. These are now car- 
ried to a conservatory made by sinking a 
pit 14 or 15 feet deep, lined with straw un- 
der a layer of coarse blanketing. The small 
sheets of ice are thrown down into the ca^- 
vity, and rammed into a solid mass. The 
month of the pit is then closed up with 
straw and blankets, and sheltered by a 
thatched roof. 

For some additional facts, on tins inte- 
resting subject, see the sequel of the arti- 
cle Dew.* 

• • CoNiTB. An ash or greenish-gray co- 
loured mineral, which becomes brown on 
exposure to the air. It is massive or stalac- 
titic, is dull internally, and has a small 
grained uneven fracture. It is brittle; sp. 
gr. 2.85. It dissolves in nitric acid, with 
slight effervescence, arid blackens without 
ftising before the blow-pipe. Its constitu- 
ents- are 67.5 carbonate of magnesia, 28 
carbonate of lime, 3.5 oxide of iron, and 1 
water. It is found in the Meissner trap 
hill in Hessia, in Saxony, and Iceland. Dr. 
Macculloch has given the name Comte to a 
pulverulent mineral, as fusible as g^ss, 
mto a transparent bead, which he found in 
Mull and Glenfarg, in the trap bills of KU- 
patrick, and the Isle of Sky.* 

CorAL, improperly called gum copal, is 
i hard, shining, transparent, citron-colour- 
ed, odoriferous, concrete juice of an Ame- 
rican tree, but which has neither tihe sohi- 
bility in water common to g^ms, nor the 
ssihibilrty in alcohol common to resins, at 
least in any considerable degree. By these 
properties it resesobles amber, it nay be 
dissolved by digestion in linseed oil, ren* 
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fci«d drfin^ hf qvieUinie, widi a beat At 

veiy Httle leas than sufficient to boil or de- su 

compose the oil. This solution^ diluted co 

with oil of turpentine, forms a beautiful mi 

tninsparentvamish, which, when properly ne 

applied, and slowly dried, is very hard, and ed 

tery durable. This Tarnish is applied to tri 

ifittiT-boxes, tea-boards, and other utensils, be 

K preserres and gives lustre to puntingfs, an 

and greatly restores the decayed colours to 

tf old pictures, by filling up the cracks, re 

and rendering the surfaces capable of re- tli 

fleeting light more uniformly. su 

Mr. Sheldrake has f^und, that camphor th 

baa a powerful action on copal; for if pow- tir 

dered copal be triturated with a little cam- a 1 

phor, it softens, and becomes a coherent im 

mass; and camphor added either to alcohol hi 

or oil of turpentine, renders it a solvent of bo 

copal: Half an ounee of camphor is suffi- tal 
cient for a quart of oil of turpentine, which 
shonld'be of the best quality; and the co- 
l)al, about the quantity of a large walnut, 
should be broken into very small ^pieces, 

bat hot reduced to a fine powder. The bl 

mixture should be set on a fire so brisk as th 

to vakt the mixture boil almost immedi- fn 

ately; and the vessel Mr. 8. recommends t6 -f 

be of tin or other metal, strong, shaped to 

Tike a wine bottle with a long neck, and of 

eapaUe of holding two quarts. The moutii in 

Bbould be stopped with a cork, in which a fr\ 

notch is cut to prevent the vessel from ta 

bohting. It is probably, owing to the quail- of 

tity of camphor it contains, that oil of la- ar 

tender i9 a.solvent of copal. Camphor and It 

alcohol dissolve copal still more readily to 

^«n camphor and oil of turpentine. M 

Lewis had observed, that solution of am- ht 

Otonia enabled oil of turpentine to dissoli^ b] 

copal; but it requires such nice manage- th 
nent of the fire that it seldom succeeds 

coraplietely. d\ 

• In the 51st volume of Tilloch's Magar- th 

4in^, Mr. CJomelius Varlfey states, that a ti< 

Irood varnish may be made by pouring upon st 

the purest lumps of copal, reduced to a fine bi 

mass, in a mortar, colourless spirits of tur- ta 

pontine, to about one-third higher than the rii 

copal, and triturating the mixture occa- to 

tionally in the course of the day. Next to 

wbming it may be poured off into a bottlfe ar 

fcr use- Successive portions of oil of tur- cc 

pcntine may thus be worked with the same cc 

copal mass. Camphorated oil of turpen- cc 

tine, and oil of spike-lavender, are also re- ju 

commended as separate solvents without oi 

trituration. The latter, however, though cr 

^'y good for drawings or prints, will not Bi 

do fbr varnishing pictures, as it dissolves d( 

the paint underneath, and runs down while te 

*ymg* Sf 

Co pp ER IS a metal of a peculiar reddish- it 

wown colour; hard, sonorous, very mallea- c< 

We and ductile; of considerable "tenacity, ol 

M of t tpectfic gravity from 8.6 to 8,9. p] 



niotts chemist, of . 

Chlorine, 36 or 1 prime =s 4.45 35.8 

Copper, 64 or 1 prime 8.00 64^ 

"lOO 12.45 1Q0.0 

2. Deutochhride is best made by slowly 
evaporating to drynesa, at a temperature 
not much above 400** Fahr. the deliques- 
cent muriate of copper. It is a yellow pow- 
der. By absorption of moisture from the 
airi it passes from yellow to white, and 
then green, reproducing common muriate. 
Heat converts it into protochloride, with 
the disengagement of chlorine. Dr. Davy 
ascertain^ the cliemical constitution of 
both these compounds, by separating the 
copper with iron, and the chlorine by ni- 
trate of silver. The deutochioride consists 
of Chlorine, 53 2 primes 8.9 527 
Copper, 47 1 do. 8.0 47.3 

100 16.9 1000 

The iodide of copper is formed by drop- 
ping aqueous hydriodate of potash into a 
solution of any cupreous salt. It is an in- 
soluble dark brown powder. 

Phosphuret of copper is made by project- 
ing phosphorus into red-hot copper. It is 
of a white colour, harder than iron,^pretty 
fusible, but not ductile. Its sp. gr. is 7.12. 
It crystallizes in four-sided prisms. Proust, 
its discoverer, says it consists of 20 phos- 
phorus -f- 80 copper. 1.5 or 3.0 phospho- 
rus -|- 8.0 copper, form the equivalent pro- 
portions by theoiy. Heat burns out the 
phosphorus, and scorifies tlie copper. . 

Sulphuret of copper is formed by. mixing 
together eight parts of copper filings, and 
two of sulphur, and exposing the mixture 
to a gentle heat Whenever the sulphur is 
raised a little above its melting tempera- 
ture, combustion suddenly pervades the 
whole mass with explosive, violence. 

Ignition, with reciprocal saturation, con- 
stitutes a true combustion, of which every 
character is here. And since tlie experi- 
ment succeeds perfectly well in vacno^ or 
in azote, we are entitled to consider sul- 
phur as a true supporter of combustion, if 
this name be retained iti chemistry; a name 
indicating, what no person can prove, that 
one of the combining bodies is a mere sup- 
porter, and the other a mere combustible. 
Combustion is, on the contrary, shown by 
this beautiful experiment, to be indepen- 
dent of those bodies vulgarly reckoned 
supporters. Indeed, sulphur bears to cop- 
per the same electrical relation, that oxy- 
gen and chlorine bear to this metal. Hence 
sulphur is at once a supporter and com- 
bustible, in the fullest sense; a fact fatal to 
this technical distinction, since one body 
cannot be possessed of diametricaJily op- 
posite qualities. 



ed handle, is made to touch a disc of sul- 
phur, powerful electrical chaogea ensue; 
and at a higher temperature we see, that 
the reciprocal attractive forces, or the cor- 
puscular movements which accompany en- 
ergetic affinity, excite the pheaomena of 
combustion. To say that one of the com- 
bining bodies contains a latent magazine 
of beat and light, to feed the flame of the 
other body, is an hypothesis altogether des- 
titute of proof, which should therefore 
have no place in one of the exact sciences, 
far less be made the groundwork of a che- 
mical system. 

Sulphuret of copper consists, according, 
to Berzehus, of very nearly 8 copper -i- 2 
sulphur. We may regard it as containing 
a prime of each constituent.* 

The sulphuric acid, when concentrated 
and boiling, dissolves copper. If water be 
added to this, it forms a blue solution of 
copper, which, by evaporation, affords blue 
crystal^, that require about four times 
their weight of water to dissolve them. 

The solutions of copper in sulphuric 
acid are slightly caustic. Magnesia, lime, 
and the fixed alkalis, precipitate the metal 
from them in the form of oxide. Volatile 
alkali precipitates all the solution of cop* 
per, but redissolves the oxide, and pro- 
duces a deep blue colour. There are cer- 
tain mineral waters in Hungary, Sweden, 
Ireland, and in various parts of England, 
which contain sulphate of .copper, and 
from which it is precipitated by the addi- 
tion of pieces of old iron. 

Nitric acid dissolves copper with g^reat 
rapidity, and disengages a larg^ quantity 
of nitrous gas. Part of the metal falls 
down in the form of an oxide; and the fil- 
trated or decanted solution, which is of a 
much deeper blue colour than the sulphu- 
ric solution, affords crystals by slow eva- 
poration. This salt is deliquescent, very 
soluble in water, but most plentifully when 
the fluid is heate4* Its solution, exposed 
to the air in shallow vessels, deposites an 
oxide of a^ green colour. Lime precipi- 
tates the metal of a pak blue, fixed alkalis 
of a bluish-white. Volatile alkali throws 
down bluish flocks, which are quickly re- 
dissolved, and produce a lively blue colour 
in the fluid. 

* The saline combinations of copper 
were formerly called ealef veneris, because 
Venus was the mythological name of cop- 
per. They have the following general cha- 
racters: 1. They are mostly soluble in 
water, and their solutions have a green or 
blue colour, or acquire one of these co- 
lours on exposure to air. 2. Ammonia 
added to the solutions, produces a deep 
blue colour. 3. Ferroprussiate of potash 
gives a reddish-brown precipitate, with cn- 
preous s^ts. 4. Gallic acid gives a bfown 



yred(;^€M(e. 5. Hirdmultihui^f of potash 
gives a black precipitate. 6. A plate of 
iron immersed in these solutions throws 
down metallic copper, and Tery rapidly if 
there be a slight excess of acid. The prot- 
oxide of copper can be combined with the 
acids only' by very particular management. 
All the ordinary salts of copper have the 
peroxide for a base. 

Acetate of copper. The joint agency of 
air and acetic acid, is necessary to the pro- 
duction of the cupreous acetates. By ex- 
posing copper plates to the vapours of vine- 
gar, the blui8h*green verdigrio is formed, 
vhicb by solution in vinegar constitutes 
acetate of copper. This salt crystallizes in 
four-sided truncated pyramids. Its colour 
is a fine bluish-green. Its sp. gr. Is 1.78. 
It has aa austere metallic taste; and swalr 
lowed, proves a violent' poison. Boiling 
vater dissolves one-fifth of the salt, of 
vhich it deposites the greater part on cool- 
ing. It is soluble also in alcohol. It ef- 
ioresces by exposure to air. By heat, in a 
retort, it yields acetic acid, and pyro-ace- 
tic spirit Sulphuretted hydrogen throws 
down the copper from solutions of this 
Bait, in the state of sulphuret. I>r. Thom- 
son gives the following account of its com- 
position: " According to Proust, the ace- 
tate of copper is composed of 

61 acid and water, 

39 ozide> 

100 
^ If we suppose it a compoimd of 1 atom 
%id, 1 atom oxide, and 8 atoms water, its 
coostituenU will be , 

Acetic acid, 25.12 

Peroxide of copper, 39.41 
Water, 35.47 



100.00 
"I consider these to be its true constitu- 
ents." Here we have an amusing specimen 
of atomical reasoning; beginning the syllo- 
gism with a supposition, and concluding it 
^itha certainty. I had. occasion to ana- 
lyze this salt with some care about two 
years ago, and found it to constat by expe- 
riment^ 

Exper, Theory. 

Acetic acid, 52.0 2 atoms 13.26 51.98 
Perox.of cop.39.6 1 d6. 10.00 39.20 
^Valer, 8.4 1 do. 2.25 8.82 

100.0 25.51 100.00 

Instead of 35^ per cent of water, which 
we Doctor pitches on at random, it has not 
9; and instead of only 25 of acid, it really 
contains more than double that quantity. 
The crystallized salt is a bmacetate of cop- 

j. J^ie Bubacetate of Proust, obtained by 
verdigris in water> is ssdd to 



Gon^ft of add and water, 3f 
Oxide, 63 

The proportion of 40 acid + 60 oxkl^^ 
is that of 1 atom of each, to use the hypo* 
pothetical term. Now Proust's experiments 
seem to leave uncertainty to the amount of 
that difference. This salt should be called 
probably the acetate. Proust's insoluble 
part of verdigfris will become the ntbetce" 
tate. This constitutes 44 par cent, and the 
other 56. But the proportions will fluctu* 
ate; and an intermixture of carbonate may 
be expected occasionally. 

Jkroemau of copper presents us with many 
sub-species Which are found natire. The 
arseniate may be formed artificially by di- 
gesting arsenic acid on copper, or by ad« 
ding arseniate of potash to a cupreoua sa- 
line solution. 

1. Obtuse octohedral aroeniate^ consisting 
of two four Glided pyramids, applied base 
to base» of a deep sky-blue or grass-green 
colour. Their sp. gr. is 2.88. They con- 
sist, according to Chenevix, of 14i3 acid 
-I- 50 brown oxide + 35.7 water. 2. JSfejp- 
ahedral arieniate is found in fine six-sided 
laminae, divisible into thin scales. Its co- 
lour is a deep emerald-green; and its sp.. 
gr. 2.548. It consists, by Vauquelin, of 43 
acid -|- 39 oxide + ^8 water. When arse- 
niate of ammonia is poured into nitrate of 
copper, this variety precipitately in small blue 
crystals. 3. Acute octohairal artemate, conk' 
posed of two four-sided p3Tamids, applied 
base to base, and sometimes in rhomboidal 
prisms, with dihedral summits. It con- 
sists of 29 acid -|- 50 oxide + 21 water. 
The last ingredient is sometimes wanting. 
4. Trihedral arseniate occurs also in other 
forms. Colour bluish-green. It consists, 
by Chenevix, of 30 acid -f 54 oxide -f 16 
water. 5. Super arseniato. On evaporating 
the supernatant solution in the second va« 
riety artificially made, and adding alcohol, 
M. Chenevix obtained a precipitate in 
small blue rhomboidal crystals. They were 
composed of 40.1 acid •+" ^5.S oxide -|- 
24.4 water. The following is a general ta- 
ble of the composition of these aroeniates:-— 





Add 


Oxide, 


Waier. 


1. 


1.00 


3.70 


250 


2. 


1.00 


2.76 


1.00 


3. 


1.00 


1.72 


0.70 


4. 


1.00 


1.80 


0.53 


5. 


1.00 


0.88 


0.60 



It will require the atomical couch of Pro- 
crustes, to accommodate tliese proportions 
to the number 14.5, recently pitched upon 
for arsenic acid by Dr. Thomson.' 

Arscnite of copper ^ called Sclieele*s green, 
is prepared by the old prescription of mix- 
ing a solution of 2 parts of sulphate of 
copper in 44 of water, with a solution of 
2 parts of potash of commerce,- and 1 of 
pulverized arsenious acid, also in 44 of 



irater. Both foUttiom bein^ v«nn, the fi^nt 
is to be gradu«U}r poured into the second. 
The grass-gKen insoluble precipitate is to 
be well washed with w«ter. 

Cardmate rf fppgr. Of this compound 
diere are three native varieties, the green, 
thebl«ie« and the anhydrous. According 
to Mr. a. Phillips, the following is the or* 
der of their composition:** 

• Ut 3c/. 341 

Carbonic acid, 275 1100 2.75 

BeutoK. copper, 10.00 30.00 10.00 
Water, 1.125 2.25 0.00 

WeighU of primes, 13875 43.25 12.75 

The artificial carbonate, obtained by 
Proust, on adding an alkaline carbonate to 
a solution of the nitrate of copper, is the 
Mme with the second kind. 

Chlorate of copper is a defiagrating deli- 
quescent green salt. 

FUtate rf copper is in small blue-coloured 
crystals. 

Bgdriodate of copper is a grayish -white 
fK>wder. 

Protomurittte of copper has already been 
described in treating of the chlorides. 

Deutomuriate of copper, formed by difl- 
•dlving the deutoxide in muriatic add, or 
bjr heating muriatic acid on copper filings, 
jnelds by evaporation crystals of a grass- 
green colour, in the form of rectangular pa- 
rallelopipeds. Their sp. gr. is 1.68. They 
are caustic, very deliquescent, and of 
course very soluble in water. According 
to Berzelius, it consists of acid, 40.2 
Deutoxide, 59.8 

iliao 

The amtnonia-fUtrate evaporated, yields a 
Eliminating copper. Crystals of nitrate, 
mixed with phosphorus, and struck with a 
hammer, detonate. When pulverized, then 
slightly moistened, and suddenly wrapt 
up firm, in tin-foil, the nitrate produces an 
explosive combustion. The nitrate seems 
to consist of a prime of acid + a prime of 
deutoxide, besides water of crystallization. 

Suhnitrate of copper is the blue precipi- 
tate, occasioned by adding a little potash 
to the neutral nitric solution. 

Mtrite of copper is formed by mixing ni- 
trite of lead with sulphate of copper. 

The mfphate or blue vitriol of commerce 
is a bisulphaie. Its sp. gr. is 2.2. It con- 
sists of 

Acid, 31.38 2 primes, 10.0 32.0 

Oxide, 3232 1 do. 10.0 32.Q 
Water, 36.30 10 do. 1125 36.0 

100.00 31.25 mo 

A mixed solution of this sulphate and 
•al ammoniac, forms an ink, whose traces 
are invisible in the cold, but become yellow 
when heatedi and vanish s^ain as the paper 
cools. 



A neutral aulpbata of copper say be 
formed by saturating the excess of acid 
with oxide of copper. It crystalUzea in 
four-sided pyramids, aeparated by qua- 
drangular prisms. 

Mr. Proust formed a subaulphate by ad- 
ding a little pure potash to a solution of 
the last salt A gr^i>-coU}ured precipitate 
faUs. 

ProtooulpkUo of copper is formed by pass- 
ing a current of sulphurous acid gas through 
the deutoxide of copper disused in water. 
It is deprived of a part of its oxygen, and 
combines with the acid. The sulphate, si- 
multaneously produced, dissolves in the 
water; while the sulphite forms small red 
crystals, from which merely long ebulli- 
tion in water expels the acid. 

Sulphite ^f potaah and copper is made by 
adding the sulphite of potash to nitrate of 
copper. A yellow flocculent precipitate, 
consisting of minute crystals, falls. 

AmmomO'OulphtLie tf copper is the salt 
formed by adding water of ammonia to 
aqlution of the bisulphate. It consists, ac- 
cording to Berzelius, of 1 prime of the 
cupreous, and 1 of the ammoniacal sul- 
phate, combined together^ or 20.0 + 7^1^ 
+ 14.625 of water. 

SubotUphate of ammonia and copper is 
formed by adding alcohol to the solution 
of the preceding salt, which precipitates 
the subsulphate. It is the cuprum aminom- 
acum of the pharmacopoeia.. According to 
Berzelius, it consists of 

Acid, 33.25 or nearly t primes, 

Deutox. of cof^r, 34.00 1 do. 

Ammojiia, 26.40 4 do. 

WaUr, 7.35 2 do. 

100.00 

Sulphate of potaoh and copper is formed 
by digesting bisulphate of potash on the 
deutoxide or carbonate of copper. Its 
cnrstals are greenish-coloured, fiat paral* 
lelopipedons. It seems to consist of 2 

grimes of sulphate of potash + 1 prime of 
isulphate of copper + 12 of water. 
The following acids, antimonic, aati- 
monious, boractc, chromic, molybdic, phos- 
phoric, tungstic, form insoluble salts 
with deutoxide of copper. The first two 
are green, the third is brown, the fourth 
and fifih green, and the sixth white. The 
benzoate is in green crystals, sparingly so- 
luble. The oxalate is also green. The 
binoxalates of potash and soda, with ox- 
ide of copper, give triple salts, in green 
needle-form crystals. There ai'e also am- 
monia-oxalates in different varieties. Tar- 
trate of copper forms dark bluish-green 
crystals. Cream-tartrate of copper is a 
bluish-g^een powder, commonly called 
Brunswick Green. 
To obtain pure copper for experimeats. 



we prcci]>itate it in the metallic state,' by 
immersing a plate of iron in a solution of 
the deutomuriate. The pulveinilent copper 
must be washed with dilute muriatic acid.* 

In the wet way Brunswick or Friezland 
^reen is prepared by pouring a saturated 
A>lation of muriate of ammonia over cop- 
per filings or shreds in a close vessel, keep- 
ing the mixture in a warm place, and ad- 
ding \noTt of the solution from time to 
time, till three parts of muriate and two of 
copper have been used. After standing* a 
few weeks,~the pigment is to be separated 
from the unoxidized copper, by washing 
through a sieve; and then it is to be well 
Washed, and dried slowly in the shade. 
This gfeen is almost always adulterated 
with ceruse. 

This metal combines very readily with 
gold, silver, and mercury. It unites ira- 
peifectly with iron in the way of fusion. 
Tin combines with copper, at a tempera- 
ture much lowc!^ than is necessary to ftise 
the copper alone. On this is grounded the 
method of tinning copper vessels. For this 
puipose, they are first scraped or scoured; 
sii\er which they are rubbed with sal am- 
moniac. They are then heated, and sprink- 
led with powdered resin, which defends 
tlie clean surface of the copper from ac- 
quiring the slight film of oxide, that would 
prevent the adhesion of the tin to its sur- 
face, llie melted tin is then poured ill, 
and spread about. An extremely small 
quantity adheres to the copper, which may 
perhaps be supposed inauifioient to prevent 
the noxious efifects of the copper, as per- 
feefcly as might he wished. 

When tin is melted with copper, it com- 
poses the compound called bronze. In this 
metal the specific gravity is always greater 
than would be deduced by computation 
from the quantities and specific gravities 
of its component parts. The uses of this 
hard, sonorous, and durable composition, 
in the fabrication of cannon, bells, statues, 
and other articles, are well known. Bronzes 
and bell-metals, are not usually made of 
copper and tin only, but have other admix- 
tures, consisting of lead, zinc, or arsehic, 
according to the motives of profit; or other 
inducements of the artist. But the atten- 
tion of the philosopher is more particularly 
directed to the mixture of copper and tin, 
on account of its being the substance of 
which the speculums of reflecting tele- 
scopes are made. See Speculum. The 
ancients made cutting instruments of this 
alloy. A dagger analyzed by Mr. Hielm 
consisted of 83^ copper, and 16}- tin. 

Copper unites with bismuth, and forms a 
reddish-white alloy. With arsenic it forms 
a white brittle compound, called tombac. 
With zinc it forms the compound called 
brass, and distinguished by various other 
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naihes, accdrding to the proportions of the 
two ingredients. It is not easy to unite 
these two metals in considerable propor- 
tions by fusion, because the zinc is burnt 
or volatilized at a heat inferior to that 
which is pe<juired to melt copper; but they 
unit^ veiy well in the way of cementation. 
In the brass works, copper is granulated 
by pouring it through a plate of iron, per- 
forated with small holes and luted with 
clay, into a quantity of watei^ about four 
feet deep, and continually renewed: ^o pi'e* 
vent the dangerous explosions of this me- 
tal, it is necessary to pour but a small quan- 
tity at a time. There are various methods 
of combining this g^nulated copper, or 
other small pieces of copper, with the va- 
pour of zinc. Calamine, which is an or^ 
of zinc, is pounded, calcined, and mixed 
with the divided copper, together with a 
portion of charcoal. These being exposed 
to the heat of a wind furnace, the zinc be- 
comes revived, rises in vapour, and copi* 
bines with the copper, which it converts 
into brass. The heat must be continued 
for a greater or less number of hours, ac- 
cording to the thickness' of the pieces of 
copper, and other circumstances; and at 
the end of the process, the heat being sud- 
denly raised, causes the brass to melt, and 
occupy the lower part of the crucible. The 
most scientific method of making brass 
seems to be that mentioned by Cramer. 
The powdered calamine, being mixed with 
an equal quantity of charcoal and a portion 
of clay, Ts to be rammed into a melting ves- 
sel, and a quantity of copper, amounting to 
two-thirds of the weight of calamine, must 
be placed on the top, and covered with char- 
coal. Uy this management the volatile zihe 
ascends, and conveits the copper into brass, 
which flows into the rammed clay; conse^ 
quently,if the calamine contain lead, or any 
other metal, it will not enter into the brassy 
the zinc alone being raised by the heat. 
' A fine kind of brass, which is supposed 
to be made by cementation of copper plates 
with calamine, ds hammered out into leaves 
in Germany;- and is sold very cheap in this 
country, under the name of Dutch gold, or 
Dutch roetaU It is about five times as thick 
as gold le:af; that is to say, it is about one 
sixty-thousandth of an inch thjck. 

Copper unites readily with antimony, and 
affords a compound of a beautiful violet 
colour. It does not readily unite witli man- 
ganese. With tungsten it forms a dark 
brown spongy idloy, which is somewhat 
4uctile. Seen Ores or Copper. 

• Verdigris, and other preparations of 
copper, act as virulent poisons, when intro- 
duced in very small quantities into the sto- 
machs of animals. A few grains are suf- 
ficient for this effect. Death is commonly 
preceded bv very decided nenroUs disgr- 
43 



tanus, general insensibility, or a palsy of 
the lower extremites. This event happens 
frequently so soon, that it could not be oc- 
casioned by inflammation or erosion of the 
prime vuti and indeed, where these parts 
are apparently sound. It is probable that 
the poison is absorbed, and through the 
circulation, acts on the brain and nerves. 
The cupreous preparations are no doubt 
▼ery acrid, and if death do not follow their 
immediate- impression on the sentient sys- 
tem, they will certainly inflame the intes- 
tinal canal. The sjonptoms produced by 
a dangerous dose of copper are exactly 
similar to those which are enumerated un- 
der arsenic, only the taate of copper is 
strongly felt. The only chemical antidote 
to cupreous solutions whose operation it 
well understood, is water strongly impreg- 
nated with sulphuretted hydrogen. The 
alkaline hydrosulphurets are acrid, and 
ought not to be prescribed. 

But we possess in sugar, an antidote to 
this poison of undoubted eificacy, though 
its mode of action be obscure. M. Duval 
introduced into the stomach of a dog, by 
means of a caoutchouc tube, a solution in 
acetic acid, of four French drachms of ox- 
ide of copper. Some minutes aflerwards 
he injected into it four ounces of strong 
sirup. He repeated this injection every 
balf-hour, and employed altogether 13 
ounces of sirup. The animal experien- 
ced some tremblings and convulsive move- 
ments. But the last injection was follow- 
ed by a perfect calm. The animal fell 
asleep, and awakened free from any ail- 
ment. 

Qrfila relates several cases of individuals 
who had by accident or intention swallow- 
ed poisonous doses of acetate of copper, 
and who recovered by getting larg^e doses 
of sugar. He uniformly found, that a dose 
of verdigris which would kill a dog in the 
course of an hour or two, might be swal- 
lowed with impunity, provided it was mix- 
ed with a considerable quantity of sugar. 

As alcohol has the power of completely 
neutralizing, in the ethers, the strongest 
muriatic and hydriodic acids, so it would 
appear, that sugar can neutralize the ox- 
ides of copper and lead. The neutral sac- 
charate of lead, indeed, was employed by 
Berzelius in his experiments, to determine 
the prime equivalent of sugar. If we boil 
for half an hour, in a flask, an ounce of 
white sugar, an ounce of water, and 10 
grains of verdigris, we obtain a green li- 
quid, which is not affected by the nicest 
tests of copper, such as ferroprussiate of 
potash, ^iinmotilaT riiKt Uil livilrfj^iilplmrcia. 
An insolnblf green C3fbf>hate of ropper re- 
mains at the bottom af the fiask." 



Co F p E R AS. Sutphate of iron. 
* CoflAts seem to consist of ( 



carbonate 



portions.* 

Cork is the bark of a tree of the oak 
kind, very common in Spain and the other 
southern parts of Europe. 

By the action of the nitric acid it was 
found to be acidified. See Acid (Sube- 
mxc). 

* Cork has been recently analyzed by 
Chevreul by digestion, first in water and 
then in alcohol. By distillation there came 
over an aromatic principle, and a little ace- 
tic acid. The watery extract contained a 
yellow and a red colouring matter, an un- 
determined acid, gallic acid, an astringent 
substance, a substance containing azote, a 
substance soluble in water and insoluble 
in alcohol, gallate of iron, lime, and traces 
of magnesia. 20 parts of cork treated in 
this way, left 17.15 of insoluble matter. 
The undissolved residue being treated m 
sufficient number of times with alcohol, 
yielded a variety of bodies, but which seem 
reducible to three; namely, cerntt resin, and 
an oil. The ligneous portion of the cork 
still weighed 14 parts, which is called 
miber.* 

Cork (Fosiil). See Asbestos. 
Corrosive Sublimate. See Mercu- 
ry. 

• Corundum. According to Professor 
Jameson, this mineral genus contains 3 spe- 
cies, viz. octohedral corundum, rhambndal 
corundum, and pritnuaic corundum. 

1. Octehedralf is subdivided into 3 sub- 
species, viz. automalite, ceylanite, and spi- 
nel. 

2. Rhomboidal corundum, contains 4 sub- 
species, viz. salamstone, sapphire, emery, 
and corundum, or adamantine spar. 

3. PritmaHCf or chrysoberyl. See the 
several sub-species, imder their titles in 
the Dictionary.* 

• Cotton. This vegetable fibre is solu- 
ble in strong alkaline leys. It has a strong 
affinity for some earths, particularly alu- 
mina, several metallic oxides, and tannin. 
Nitric acid, aided by beat, converts cotton 
into oxalic acid.* 

• Couch. The heap of moist barley 
about 16 inches deep on the malt-floor.* 

* Cream. The oily part of milk, which 
rises to the surface of that liquid, mixed 
with a little curd and aentm. When churn- 
ed, butter is obtained. Heat separates the 
oily part, but injures its flavour.* 

Cream of Tartar. See Acid (Tar- 
taric). 

* Crichtonitb. a mineral so called 
in honour of Dr. Crichton, physician to the 
Emperor of Russia, an eminent mineralo- 
^mi. U has a velvet-black colour, and cry^ 
tuUlzcs in very acute STTiidl rbomlioidii 
Lustre splendent, iticlining to metatttq 
fracture concholdalj opaque; serai rhe» 
fluor spar, but not ^lass. Infusible bcfi^re 



the blow*pipe. It occun in |irimitiTe rocks 
aloDg^ with octahedrite. Professor Jatne- 
sofi thinks it may probably be a new ape- 
cies of titanium-ore.* 

Crocus. The yellow or safiron-colour- 
ed oxides or iron and copper were former- 
ly called crcKus martis and crocus yeneris. 
That of ircm is still called crocus simply, 
by the workers in metal who use it. 

• Cross-stone. Harmotome, or pyra- 
midal zeolite. Its colour is grayish-white, 
passing^ into smoke-gray, sometimes mas* 
sive, but usually crystallized. Primitive 
form, a doable four-sided pyramid, of 121^ 
5S' and 86* 36^. lu principal secondary 
forms are, a broad rectangular four-sided 
prism, ratber acutely acuminated on the 
extremities with 4 planes, which are set 
on the lateral edges; the preceding figure, 
in which the edges formed by the meeting 
of the acuminating planes, that rest on the 
broader lateral planes, are truncated; twin 
ctystals'of the mi form, intersecting each 
other, ia such a manner that a common axis 
snd acumination are formed, and the broad- 
er lateral planes make four re-entering an- 
gles. The crystals are not large. The 
surface of the smaller lateral planes is 
double-pluinosely streaked. Lustre glis- 
tening, between vitreous and pearly. Of 
the cleavage, 2 folia are oblique, and 1 pa^ 
rallel to the axis. Fracture perfect con- 
choidal. Translucent and semi-transparent. 
Harder than fluor spar, but not so hard as 
apatite. Basily irangible. Sp. gr. 2.35. It» 
fuses with intumescence and phosphores- 
cence, into a colourless glass. Its consti- 
tuents are 49 silica, 16 alumina, 18 bary- 
tes, and 15 water, by Klaproth. It has 
hitherto been found only in mineral veins 
and agate-balls. It occurs at Andreasberg 
in the Hartz, at Kongsberg in Norway, at 
Oberstein, Strontian in Argyllshire, and 
also near Old Kilpatrick in Scotland. 
Jotnewn.* 

* Croton Elevtreria. Cascarilla 
bark. The following is TrommsdorTs ana- 
lysis of this substance, characterized by 
its emitting the smell of musk when burn- 
ed. Mucilage and bitter principle 864 
parts, resin 688, volatile matter 72, water 
^, woody fibres 3024; in 4696 parts.* 

• Crusts, the bony coverings of crabs, 
lobsters, &c. Mr. Hatchett found them to 
he composed of a cartilaginous substance, 
like coagulated albumen, carbonate of lime, 
ai^d phosphate of lime. The great excess 
of the second, above the third ingredient, 
distinguishes them from bones; while the 

; quantity of the third, distingutshes them 
; ^m shells. Egg-sbells and snail-shells 
belong to crusts in composition; but the 
J]J«mal matter is in smaller quantity. By 
Merat-Guillot, 100 parts of lobster crust, 
. consist of 60 carbonate of lime, 14 phos- 
phate of lime, and 26 cartilaginous matter. 



too of hen's egg-shells, consist of 89.6 ca»- 
bonate of lime, 5.7 phosphate of lime, 4.7 
animal matter.* 

* Cryolite. A mineral which occurs 
massive, disseminated, and in thick lamel- 
lar concretions. Its colours are white and 
yellovrish-brown. Lustre vitreous, inclin- 
ing to pearly. Cleavage fourfold, in which 
.the folia are parallel with an equiangular 
four-sided pyramid. Fracture uneven. 
I'ranslucent. Harder than gypsum. Easily 
frangible. Sp. gr. 2.95. It becomes more 
translucent in water. It melts in the heat 
of a candle. Before the blow-pipe, it be- 
comes first very liquid, and then assumes 
a slagvy appearance. It consists, by Klap- 
roth, of 24 alumina, 36 soda, and 40 fluoric 
acid and water. It is therefore a soda^ 
fluate of alumina. If we regard it as com- 
posed of definite proportions, we may 
have 

1 prime alumina, 3.2 26.33 

1 do. soda, 3.95 32.51 

2 do. acid, 2.75 22.637..-^ 
2 do. water, 2.25 18.535 *^•^^• 

12.15 100.00 
Vauquelin*s analysis of the same miner- 
al gives 47 acid and water, 32 soda, and 21 
alumina. This curious and rare mineral has 
hitherto been found only in West Green- 
land, at the arm of the sea named Arksut, 
30 leagues from the colony of Juliana Hope. 
It occurs in gneiss. Mr. Allan of Edin- 
burgh had the merit of recognizing a large 
quantity of this mineral, in a neglected 
heap brought into Leilh, from a captured 
Danish vessel. It had been collected in 
Greenland by that indefatigable mineralo- 
gist M. Giescke.* 

* Cryophorus. The frost-bearer or 
carrier of cold, an elegant instrument in- 
vented by Dr. WoUaston, to demonstrate 
the relation between evaporation at low 
temperatures, and the production of cold. 
If 32 grains of water, says this profound 
philosopher, were taken at the tempera- 
ture of 62°, and if one grain of this were 
converted into vapour by absorbing 960®, 

960* 



then the whole quantity would lose 



32 



= 30®, and thus be reduced to the tem- 
perature of 32®. If from the 31 grains 
which still remain in the state of water, 
four grains more were converted into va- 
pour by absorbing 960®, then the remain- 
ing 27 grains must have lost ^V of 960* 
:s= 142®, which is rather more than suffi- 
cient to convert the whole into ice. In an 
experiment conducted upon a small scale, 
the proportional quantity evaporated did 
not differ much from this estimate. 

If it be also true that water, in assuming 
the gaseous state, even at a low tempera 
tare, expands to 1800 times its former bulki^ 



cjnantity of water above mentioned, It 
would be requitite to have a dry vacuum 
with the capacity of 5X1800=9000 yrains 
of water. But let a ^lasa tube be taken, 
having its internal diameter about one- 
eighth of an inch, with a ball at each ex* 
tremity of about one inch diameter, and 
let the tube be bent to a right angie at the 
distance of half an inch from each ball. 
One of these balls should be somewhat less 
thaf^ half full of water, and the remaining 
cavity should be as perfect a vacuum as 
can readily be obtained; which is effected 
by making the water boil briskly in the 
-one ball, before sealing up the capillary 
opening left in the other. If the empty 
-ball be immersed in a freezing mixture of 
snow and salt, the water in the other ball, 
though at the distance of two or three feet, 
will be frozen solid in the course of a very 
few minutes. The vapour contained in the 
empty ball is condensed by the common 
operation of cold, and the vacuum produ- 
ced by this condensation gives opportunity 
for a fresh quantity to arise from the oppo- 
site ball, with proportional reduction of its 
temperature.* 

• Crystal. When fluid substances are 
snflTered to pass with adequate slowness to 
the solid* state, the attractive forces fre- 
quently arrange their ultimate particles, so 
as to form regular polyhedral figures, or 
■geometrical solids, to which the name of 
crystals has been given. Most of the so- 
lids which compose the mineral crust of 
the earth, are found in the crystallized 
state. Thus granite consists of crystals of 
quartz, feldspar, and mica. Even moun- 
tain masses like clay-slate, have a regular 
tabulated form. Perfect mobility among 
ihe corpuscles is essential to crystalliza- 
tion. The chemist produces it either by 
igneous fusion, or by solution in a liquid. 
When the temperature is slowly lowered 
in the former case, or the liquid slowly ab- 
stracted by evaporation in the latter, the 
attractive forces resume the ascendancy, 
and arrange the particles in symmetrical 
forms. Mere approximation of the parti- 
cles, howe%*er, is not alone sufficient for 
crystallization. A hot saturated saline so- 
lution, when screened, from all agitation, 
will contract by cooling into a volume 
much smaller, than what it occupies in the 
solid state, without crystallizing. Hence 
the molecules must not only be brought 
within a certain limit of each other, for 
their concreting into crystals; but they 
must also change the direction of their 
poles, from the fluid collocation, to their 
position in the solid state. 

TJiis reversion of the poles may be ef- 
fected, 1st, By contact of any part of the 
fluid, with a point of a solid, of similar 
composition previously form^. 2d, Vi- 



tbe atmoophere, or any other moving body, 
by deranging, however slightly, the fluid 
polar direction, will instantly determine 
the solid polar arrangement, when the bal- 
ance had been rendered nearly even, by 
previous removal of the interstitial fluid. 
On this principle we explain the regular 
figures which particles of dust or iron as- 
sume, when they are placed on a vibrating 
plane, in the neighbourhood of electrized 
or magnetized bodies. 3d, Negative or 
resinous voltaic electricity instsnfiy deter- 
mines the crystalline arrangement, while 
positive voltaic electricity counteraets it. 
On this subject, I beg to refer the reader 
to an experimental paper, which I pubfish- 
ed in the fouKh volume of the Journal of 
Science, p. 106. Light also fmvours crys- 
tallization, as is exemplified with camphor 
dissolved in c^irits, which crystallizes in 
briglit, and re-dissolves in gkwmy weather. 

It might be imag^ed, that the same bo- 
dy woukl always concrete in the same, or 
At least in a siraikr crystalline form. This 
position is true, in general^ fdr the salts 
crystallized in the laboratoryt and on this 
uniformity of figure, one of the principal 
criteria between different salts depends. 
But even these forms are liable to many 
modifications, from causes apparently 
slight; and in nature, we find frequently 
the same chemical substance, ciystallized 
in forms apparently very dissimilar. Thus, 
•carbonate of lime assumes the form of a 
rhomboid, of a regular hexahedral prism, 
of a -solid terminated by 12 scalene trian- 
gles, or of' a dodecahedron with pentago- 
nal faces, hok Bisulphuret of iron or mar- 
tial pyrites produces sometimes cubes and 
sometimes regular octohedrons, at one 
time dodecahedrons with pentagonal faces, 
at another tcosahedrons with triangular 
faces, &C. 

While one and the same substance lends 
itself to so many transformations, we meet 
with vfery different substances, which pre- 
sent absolutely the same form. Thus 
fluate of lime, muriate of soda, sulphuret 
of iron, sulphuret of lead, &c. crystallize 
in cubes, under certain circumstances; and 
in other cases, the same minefals, as well 
as sulphate of alumina and the diamond, 
assume the form of a regular octohedroo. 

Uom^ de PIsle first referred the study 
of crystallization, to principles conforma- 
ble to observation. He arranged together, 
as far as possible, crystals of the same na- 
ture. Among the different forma relative 
to each species, he chose one as the most 
proper, from ita simplicity, to be regarded 
as the primitive form; and by supposing it 
truncated in different ways, be deduced 
the other forms from it, and determined a 
gradation, a series of transitions between 
this same form, and that of polybedroQs, 



which seemed to be slill farther remoyed 
from it. To the descriptions and figures 
which he gave of the crystalline forms, he 
added the results of the mechanical mea- 
surement of their principal angles, and 
showed that these angles were constant in 
each variety. 

The illustrious Bergmann, by endeavour- 
ing to penetrate to tiie mechanism of the 
structure of crystals, considered the differ- 
ent forms relative to one and the same sub- 
stance, as produced by a superposition of 
planes, sometimes constant and sometimes 
variable, and decreasing around one and 
the same primitive form. He applied this 
primary idea to a small number of crystal- 
line forms, and verified it with respect to 
a variety of calcareous spar$ by fractures, 
which enabled him to ascertain the posi- 
tion of the nucleus, or of the primitive 
form, and the successive order of the la- 
minx covering this nucleus. Bergmann, 
however, stopped here, and did not trou- 
ble himself either with determining the 
laws of structure, or applying calculation 
to it It was a simple sketch, of the most 
prominent point of view in mineralogy, but 
in which we see the hand of the same mas- 
ter who so successfully filled up the out- 
lines of chemistry. 

In the researches which M. Haiiy under- 
took, about the same period, on the struc- 
ture of crystals, he proposed combining 
the form and dimensions of integrant mo- 
lecules with simple and regular laws of ar- 
rangement, and submitting these laws to 
calculation. This work produced a ma- 
thematical theory, which he reduced to 
analytical formulx, representing every pos- 
sible case, and the application of which to 
known forms leads to valuations oC angles, 
constantly agreeing with observation. 

Theory of the ttructure of Crystals. 

Prindtive ybrwi*.— The idea of referring 
to one of the same primitive forms, all the 
forms which may be assumed by a mineral 
substance, of which the rest may be re- 
l^arded as being modifications only, has 
frequently suggested itself to various phi- 
losophers, wIh) have made crystallography 
their study. 

The mechanical division of minerals, 
^hich is the only method of ascertaining 
their true primitive form, proves that this 
form is invariable while we operate upon the 
same substance, however diversified or dis- 
similar the forms of the crystals belonging 
to this substance may be. Two or three 
tiainpleft will fitrve to pliice this trutli in 

Tnkc a reg^ibr hex ^ht drat prisTii of car- 
bonate of lime (PL Xin. Uirs 1 and 2). 

$ This is whikt litis bftn faUed deni fie 
^fitm, but which M. Haiiy tails metastatic 



If we try to divide it parallel to the edges, 
from the contours of the bases, we shall 
find, that three of these edges taken alter- 
nately in the upper part, for instance, the 
edges //, e d, b m, may be referred to this 
division: and in order to succeed in the 
same way with respect to the inferior base» 
we must chu8e,not the edges lfj',cfd/ b' m\ 
which correspond with the preceding, but 
the intermediate edges d'/', b' c', t m'. 
. The six sections will uncover an equal 
number of trapeziums. Three of the lat- 
ter are represented upon fig. 2. viz. the 
two which intercept the edges //, c d, and 
are designated by p p o o, a a k k, and that 
which intercepts the lower edge df /', and 
which is marked by the letters nnii. 

Each of these trapeziums will have a, 
lustre and polish, from which we may 
easily ascertain, Uiat it coincides with one 
of the natural joints of which the prism is 
the assemblage. We shall attempt in vwn 
to divide the prism in any other direction. 
But if we continue the division parallel to 
the first sections, it will happen that on one 
hand the sui*faces of the bases will always 
become narrower, while on the other hand, 
the altitudes of the lateral planes will de- 
crease; and at the term at which the bases 
hav? disappeared, the prism will be chang- 
ed into a dodecahedron (fig. 3.), with pen- 
tagonal faces, six of which, such as o o i O 
€,01 k ii, &c. will be the residues of the 
planes of the prism; and the six others 
E A I 0, O A' K » t, &c. will be the imme- 
diate result of the mechanical division. 

Beyond this same term,the extreme faces 
will preserve their figure and dimensions, 
while the lateral faces will incessantly di-^ 
miniah in height, until the points o, k, of 
the pentagon ol k i t, coming to be con- 
founded with the points i, i, and so on with 
the other points similarly situated, each 
pentagon will be reduced to a simple tri- 
angle, as we see in fig. 4.§ 

Lastly, when new sections have oblitera- 
ted these triangles, so that no vestige of 
the surface of the prism remains (fig. 1.), 
we shall have the nucleus or the primitive 
form, which will be an obtuse rhomboid 
(fig. 5.), the grand angle of which £ A I or 
E O I, is 101** 32' lo^r i 

§ The points which are confounded, two 
and two, upon this figure, are each marked 
with the two letters which served to desig- 
nate them when they were separated, as in 
fig. 3. 

4 It is observed, that each trapezium, 
such an p [I fj (fl]^. 2.) iincnvei'ed by the 
firai Sicctions, is very seiiaibly inclined from, 
the su^mt quantity, as well upon the resi- 
due p p d e b nt of the base, as upoTi the 
re&Jdut: o o/' ^ nf the adjacent plane. Set- 
ting oui from this eqnaUty of iiicrmatians, 
we deduce from it, by calculation, the Va^ 



triangles; such as O « I, O < I, &c. But 
because the decrement is uniform from • 
to t, and so on with the rest; the triangles 
taken two and two are on a level, and form 
a rhomb 9 O th The surface of the solid 
will therefore be composed of twelve equal 
and similar rhombs; i, e. this solid will 
have the same form with that which is the 
subject of the problem. This structure 
takes place, although imperfectly, with re- 
spect to the ciystals called boracic spars. 

The dodecahedron now under conside- 
ration, is represented by fig. 8. in such a 
way that the progress of the decrement 
may be perceived by the eye. On examin- 
ing the figure attentively, we shall find 
that it has been traced on the supposition, 
that the cubic nucleus has on each of its 
edges 17 ridges of molecules; whence it 
follows, that each of its faces is composed 
of 289 facets of molecules, and that the 
whole solid is equal to 4913 molecules. On 
this hypothesis, there are eight laminae of 
superposition, the last of which is reduced 
to a simple cube, whose edges determine 
the numbers of molecules which form the 
series 15, 13, 11, 9, 7, 5, 3, 1, the differ- 
ence being 2, because there is one course 
subtracted from each extrenaity. 

Now, if instead of this coai'se kind of 
masonry, which has the advanUge of speak- 
ing to the eye, we substitute in our ima- 
gination the infinitely delicate architecture 
of nature, we must conceive the nucleus 
as being: composed of an incomparably 
greater number of imperceptible cubes. 
In this case, the number of laminae of su- 
perposition will also be beyond comparison 
greater than on the preceding hypothesis. 
By a necessary consequence, the furrows 
which form these larainx by the alternate 
projecting and re-entering of their edges, 
will not l^ cognizable by our senses; and 
this is what takes place in the polyhedra 
which crystallization has produced at lei- 
sure, without being disturbed in its pro- 
gress. 

M. Haiiy calls decrements in breadth, those 
in which each lamina has only the height 
of a molecule, so that their whole effect, 
by one, two, three, &c. courses, is in the 
way of breadth. Decrements in height are 
those in which each lamina, exceeding 
only the following one by a single course 
in the direction of the breadth, may have 
a height double, triple, quadruple, &c. to 
that of a molecule: this is expressed by 
saying thut the decrement takes place by 
two courses, three courses, Etc. in height. 

We are indebted to Br. Wollaston for 
ideaa <m the vitimate cause of cryat;illinc 
forms, equally ingeniouB and profound. 
They were communicated to the Royal So- 
ciety, and pubiifilied in thcii- transactions 
ht the year 1815. 



bodies, there is no one common to a greater 
number of substances than the regular oc- 
tohedron, and no one in which a corres- 
ponding difficulty has occurred with re- 
p^ard to determining which modification of 
its form is to be considered as primitive; 
since in all these substances tlie teti'ahe- 
dron appears to have equal claim to be re- 
ceived as the original from which all their 
other modifications are to be derived. 

The relation of these solids to each other 
is most distinctly exhibited to those who 
are not much conversant with crystidlo- 
graphy, by assuming the tetrahedron as, 
primitive, for this may immediately be 
converted into an octohedron by the re- 
moval of four smaller tetrahedrons from 
its solid angles. (Plate XIV. fig. 1.) 

The substance which most readily admits 
of division by fracture into these forms, is 
fluor spar; and tliere is no difficulty in ob« 
taining a sufficient quantity for such expe> 
riments. But it is not, in fact, either the 
tetrahedron or the octohedron, which first 
presents itself as the apparent primi^ve 
form obtained by fracture. 

If we form a plate of uniform thickness 
by two successive divisions of the spar, pa- 
rallel to each other, we shall find the plate 
divisible into prismatic rods, the section of 
which is a rhomb of 70*» 32' and 109^ 28' 
nearly; and if we again spht these rods 
transversely, we shall obtain a number of 
regular acute rhomboids, all similar to 
each other, having their superficial angles 
60® and 120° and presenting an appearance 
of primitive molecule, from which all the 
other modifications of such crystals might 
very simply be derived. And we find, 
moreover, that the whole mass of fluor 
might be divided into, and conceived to 
consist of, these acute rhomboids alone, 
which may be put together so as to fit each 
other without any intervening vacuity. 

But, since the sohd thus obtained (as re- 
presented fig. 2.) may be again split by na- 
tural fractures at right angles to its axis 
(fig. 3.), so that a regular tetrahedron may 
be detached frona each extremity, while the 
remaining portion assumes the form of a 
regular octohedron; and since every rhom- 
boid that can be obtained, must admit, of 
the same division into one octohedron anfl 
two % tetrahedrons, the rhomboid pari no 
longer be regarded as the primitive form; 
and since the pails into which it is divi- 
sible are dissimilar, we are left in doubt 
which of them is to have precedence as 
primitive. 

In the examination of this question, 
whether we adopt the octohedron or the 
tetrahedron as the primitive form, since 
utither of them cun hil space without Icav* 
in^ Viicuitiea, there is a diilieulty in con- 
ceivings any arrangement in ivhich the par- 



cwtnerf bblong, instead of oblate, it is 
evident that, by mutual attraction, their 
centres will approach nearest to each other 
when their- axes are parallel, and their 
shortest diameters in the same plane (fig. 
13.). The manifest consequence of this 
structure would be, that a solid so formed 
would be liable to split into plates at right 
angles to the axes, and the plates would 
divide into prisms of three or six sides 
with all their angles equal, as occurs in 
phosphate of lime, beryl, &c. 

It may farther be observed, that the 
proportion of the height to tlie base of 
such a prism, must depend on the ratio 
bctweeik the axes of the elementary sphe- 
roid. 

The Cube, 

Let a mass of matter be supposed to 
consist of spherical particles all of the 
same size, but of two different' kinds in 
equal numbers, represented by black and 
white balls; and let it be required that, in 
their perfect intermixture, every black ball 
shall be equally distant from all surround- 
ing white baHs, and that all adjacent balls 
of the same denomination shall also be 
equidistant from each other. The Doctor- 
shows, that these conditions will be fulfil- 
led, if the arrangement be cubical, and 
that the pardcles will be in equiUhio. Fig. 
14. represents a cube' so constituted of 
balls, alternately black and white through- 
out The four black balls are in view. 
The distances of their centres being every 
way a superficial diagonal of the cube, 
they are equidistant, and their configura- 
tion represents a regular tetrahedron; and- 
the same is the relative situation of the 
fonr white balls. The distances of dissi- 
milar adjacent balls are likewise evidently 
equal; so that the conditions of ^heir -union 
are complete, as far as appears in the small 
group: and this is a correct representative 
of the entire mass, that would be compo- 
sed of equal and similar cubes. 

There remains one observation with re- 
gard to the spherical form of elementary 
particles, whether actual or virtual, that 
"Mist be regarded as favourable to the fore- 
going hypotliesis, namely, that many of 
those substances, which we have most rea- 
son to think simple bodies, as among the 
class of metals, exhibit this further evi- 
dence of their simple nature, that they 
crystallize in the octohedral f<H>m, as they 
Would do if their particles were sphericu. 
* But it must, on the contrary, be acknow- 
ledged, that we can at present assign no 
reason why the same appearance of simpli- 
city should take place in fluor spar, which 
IS presumed to contain at least two ele- 
ments; and it is evident that any attempts 
to trace a general correspondence betweepi 
VOL. I. 



the crystallographical and supposed db^«. 
mical elements of bodies, must in the 
present state of these sciences, be prema- 
ture. 

Any sphere when not compressed will 
be surrounded by twelve others, and, con- 
sequently, by a slight degree of compres- 
sion, will be converted into a dodecahe- 
dron, according to the most probable hy- 
pothesis of simple compression. 

The instrument for measuring the angles 
of crystals is called a goniometer, of which 
there are two kinds. 1. The goniometer 
of M. Carangeau, used by M. Haiiy, con- 
sists of two parallel blades, jointed like 
those of scissars, and capable of being ap^* 
plied to a graduated semicircular sector, 
which gives the angle to which the joint 
is opened, in consequence of the previous 
apposition of the two blades to the angle 
of the crystal. 2. The reflective goniome- 
ter of Dr. WoUaston, an admirable inven- 
tion, which measui*es the angles of the 
minutest possible crystals with the utmost 
precision. An account of this beautiful in- 
strument may be found in the Phil. lYans. 
for 1809, and in Tilloch*s Magazine for 
February 1810, vol. 35. Mr. William Phil- 
lips published, in the 2d volume of the 
Geological Transactions, an elaborate se- 
ries of measurements with this goniometer. 
A striking example of the power of this 
instrument in detecting the minutest forms 
with precision was afforded, by its appli- 
cation to a crystalline jet-black sand, which 
Dr. €larke got from the island Jean Mayen, 
in the Greenland seas. "Having there- 
fore," says^ Dr. Clarke, " selected a crystal 
of this form, bu^ so exceedingly minute as 
scarcely to be discernible to die naked eye, 
I fixed it upon the moveable plane of Dr. 
Wollaston's rejecting goniometer. A dou- 
ble image was reflected by one of the 
planes of the crystal, but the image re- 
flected by the contiguous plane was clear 
and perfectly perceptible, by which I was 
enabled to measure the angle of inclina- 
tion; and after repeating the obsei-vation 
several times, I found it equal to 92^ or 
92^^. Hence it is evident that these crys- 
tals are not zircons, although they possess 
a degree of lustre quite equal to that of 
zircon. In this uncertainty, I sent a small 
portion of the sand to Dr. WoUaston, and 
requested that he would himself measure 
the on^/e of the particles exhibiting splen- 
dant surfaces. Dr. WoUaston pronounced 
the substance to be pyroxene; having an. 
angle, acconJUng to his observation, of 92^^. 
He also informed me that the sand was 
similar to that of Bolsenna in Italy." Such 
a ready means of minute research forms a 
delightful aid to the chemical philosopher, 
as weU as the mineralogist. M. Haiiy, by 
A too rigid adherence to the pnociple of 
44 



fconetrical simplicity, obtained an trro* earbonates ot lime tiie same angle a* jto 

neous determination of the angles in the the simple carbonate, the error became 

primary form of carbonate of lime, amounts still greater, a^ will appear Irom the fdlow- 

ing to 36 minutes of a degree. And by as- ing comparative measurements, 
signing to the magnesian and ferriferous 

OhMcrved angle hy 

Jhr, WoUoBtwCB Theoretic angU, Errw, 
roniometer* 

Carbonate of lime, 105« 6' 104* 28' 40" 0* 36' 30" 

Magnesian carbonate, 106^ Id' 104* 28^ 40" 1« 46' 20" 

Ferriferous carbonate, 107« 0^ 104^ 28^ 40^^ 2'» 31' 20" 



M. HaUy will no doubt accommodate his 
results to these indications of Dr. Wollas* 
ton's goniometer, and give his theory all 
the perfection which its scientific value 
and elegance deserve. 

M. Beudant has lately made many ex- 
periments to discover, why a saline prin- 
ciple of a certain kind sometimes im- 
presses its crystalline form upon a mixture, 
in which it does not, by any means,: form 
the greatest part; and also with, the view 
of determining, why one saline substance 
may have such an astonishing number of 
secondary forms, as we sometimes meet 
with. 

The presence of urea makes common 
salt take an octohedral form although in 
pure water it crystallizes in cubes, similar 
to its primitive molecules. Sal ammo- 
niac, which crystallizes in pure water in 
octohedrons, by means of urea crystallizes 
in cubes. A very slight excess or defi- 
ciency of base in aJum, causes it to assume 
either cubical or octohedral secondary 
forms; and these forms are so truly se- 
condary, that an octohedral crystal of 
alum, immerged in a solution which is 
richer in respect to its basis, becomes en- 
veloped with crystalline layers, which 
give it at length the form of a cube. 

The crystalline form in muddy solutions 
acquires greater simplicity, losing all those 
additional facets which would otherwise 
modify their predominant form. 

In a gelatinous deposite, crystals are 
rarely found in groups, but almost always 
single, and of a remarkable sharpness and 
regularity of form, and they do not under- 
go any variations, but those which may re- 
sult from the chemical action of the sub- 
stance forming tlie deposite. ^ Ckmimon 
salt crystallized in a solution of borax, ac- 
quires truncations at the solid angles of its 
cubes; and alum crystallized in muriatic 
acid, takes a form which M. Beudant has 
never been able to obtain in ai^ other 
manner. 

30 or 40 per cent of sulphate of copper 
may be united to the rhomboidal crystal- 
lization of sulphate of iron, but it reduces 
this sulphate to a pure rhomboid, without 
any truncation either of the angles or the 
edges. A small portion of acetate of cop- 



per reduces sulphate of iron to the same 
simple rhomboidal form, notwithstanding 
that this form is disposed to become com- 
plicated with additional surfaces. Sulphate 
of alumina brings sulphate of iron to a 
rhomboid, with the lateral angles only 
truncated, or what M. HaUy calls his ini- 
rieti unitaire; and whenever this variety 
of green i^itriol is found in the market, 
where it is very comuMm, we may be sure, 
according to M. Beudant, t]iat it contains 
alumina* 

Natural crystals mixed with foreign 
substances, -are in general more simple 
than others, as is shown in a specimen of 
axiniteor violet schorl of Dauphin^^one 
extremity of which being mixed with chlo- 
rite, is reduced to its primitive form; 
while the other end, which is pure, ts va- 
ried by many fiicets produced by different 
decrements. 

In a mingled sdiution of two or more 
salt^, of nearly equal solubility, tlie crys- 
tallizatton of one of them may be some- 
times determined, by laying or suspending 
in the liquid, ^ crystal of that particular 
salt. 

M. Le Blanc states, that on putting in- 
to a tall and narrow cylinder, crystak at 
different heights, in the midst of their sa^ 
turated saline solution, the crystals at the 
bottom incfease faster than those at the 
su^Bce, and that there arrives a period 
when those at the bottom continue to en- 
large, while those at the surface diminish 
and dissolve. 

Those salts which are apt to give up 
their water of crystallization to the atmos- 
phere, and of course become efflorescent, 
may be preserved by immersion in oil, and 
subsequent wiping of their surface. 

In the Wernerian language of crystalli- 
zation, the following terms are employed: 
When a secondary fcMtn differs from the 
cube, the octohedron, &c. only in having 
several of its angles or edges replaced b^ 
a face, this change of the geometrical form 
is called a truncoHon. The altenrtion -in 
the principal form produced by two new 
faces inclined to one another, and wluch re- 
place by a kind of bevel, an angle, or an 
edge, is called a bevebnent. When these 
new faces are to the number of three or 



more, they produoe what Werner termed ageme 
a pomtin^f or actumnatinn. When two faces tion. 
unite by an edge in the manner of a roof, and cc i 
they have been called culminatitm. Replace- fire, ai I 
ment is occasionally used for bevelment, then ti 

The reader will find some curious ob- at a c( I 
servations on crystallization, by Mr. J. F. that a : 
Daniell, in the 1st Tolume<^ the Journal of separat 
Science. is fort] \ 

Professor Mohs, successor to Werner in is seen. 
Preyberg, Dr. Weiss, professor of miner- separat 
alog^, in Berlin, and M. Brochant, profes- poratio 
sor of mineralogy in Paris, have each re- This m 
cently published systems of mineralogy, rent pr< i 
Pretty copious details, relative to the first, to their i 
are given in the 3d volume of the Edin- circums ! 
burgh Philosophical. Journal.* more sc 

In a paper in the Journal de Physique, while c< i 

M. Le Blanc gives instructions for obtain- in the o i 

ing crystals of large size. His method is mon sal 

to employ flat glass or china vessels: to as the e i 

pour into these the solutions boiled down on, and i 

to the point of crystallization: to select the to time, i 

neatest of the small crystals formed, and success! 

put them into vessels witli more of the mo- * Cub 

ther-water of a solution that has been felerz. \ 

brought to crystallize confusedly: to turn green cc i 

the crystals at least once a day; and to massive, 

supply them from time to time with fresh cube; in i 

mother-water. If the crystals be laid on posite a 

their sides they will increase most in cated on ! 

length; if on their ends, most in breadth, its edges 

When they have ceased to grow larger. The c 

they must be taken out of the liquor, or smooth s 

they will soon begin to diminish; It may Cleavage 

be observed in general, that very large . the angle i 

crystals are less ' transparent than those low. Ha 

that are small. gible. S : 

The crystals of metals may be obtained ment of \ 

by fusing them in a crucible with a hole ents are, I 

in its bottom, closed by a stopper, which 9 oxide o 

is to be drawn out after the vessel has by Chene 

been removed from the fire, and the sur- copper n( : 

face of the metal has begun to congeal, acid, 2 to 

The same effect may be observed if the ter. It 

metal be poured into a. plate or dish, a lit- with iron- \ 

tie inclined, which is to be suddenly inclin- rious oth< 

ed in the opposite direction, as soon as the Leonard i i 

metal begins to congeal round its edges, an arseniji 

In the first method, the fluid part of the among th<! 

metal runs out of the hole, leaving a kind senic. — Jc\ 

of cup lined with crystals: in the latter Cupel. 

way, the superior part, which is fluid, runs what resei 

off, and leaves a plate of metal studded rives its n ! 

over with crystals. lime, or tli 

The operation of crystallizing, or crys- med into si 

tftllization, is of great utility in the purify- This vessc: 

ing of various saline substances. Most precious ni 

salts are suspended in water in greater becomes ci 

quantities at more elevated temperatures, the impurci 

ftnd separate more or less by cooling. In Cupei.l 

this property, and likewise in the quantity scorificatio 

of salt capable of being suspended in a called cupc 

given quantity of water, they differ greatly Curd. 

nwB each other. It is therefi)re practica- from milk 

ble in general to separate salts by due man- other subsl 



Aiauy. its pnncip&i colour is oerun-omey 
which passes into gray and g^een. It oc- 
curs massive and disseminated, also in dis- 
tinct concretions. The primitiYe form of its 
crystals is an oblique four-sided prism; and 
the secondary forms are, an oblique four- 
sided prism, truncated on the lateral edges, 
and a twin crystal. The planes are streak- 
ed, splendent, and pearly. Cleavage three- 
fold. Translucent or transparent. Surface 
of the broader lateral planes as hard as 
apatite; that of the angles, as quartz. Ea- 
sily frangible. Sp. gr. 3.5. When pure it is 
idio-electric. Some crystals by friction ac- 
quire negative, others positive electricity; 



tne Diow-pip€. it consists, oy iwiaproiD, oi 
43 silica,. 55.5 alumina, 0.50 iron* and a 
trace of potash. It occurs in the granite 
and mica slate of primitive mountains. It 
is found near Banchory in Aberdeenshire, 
and Bocharm in Banffshire; at Airolo on 
St. Gothard, and in various countries of 
Europe, as well as in Asia and America. 
It is cut and polished in India as an infe- 
rior sort of sapphire.^ — Jameson.* 

* Ctanogbn. The compound base of 
prussic acid. See Prussxhe.* 

* Cymovhahb of UaUy. The Ch&yso- 

BEBYX..* 



D 



DA M PS. The permanently elastic fl uids 
which are extricated in mines, and 
re destructive to animal life., are called 
damps by the miners. The chief distinc- 
tions made by the miners, are choak-damp, 
-which extinguishes their candles, hovers 
about the bottom of the mine, and consists 
for the most part of carbonic acid gas; and 
fire-damp, or hydrogen gas, which occupies 
the superior spaces, and does great mis- 
chief by exploding whenever it comes in 
contact with their lights. See Gas, Com- 
bustion, & Lamp. 

• Daoubitb. a variety of red schorl 
from Siberia.* 

• Daphnin. The bitter principle of 
Daphne */ilpina, discovered by M. Yauque- 
lin. From the alcoholic infusion of this 
bark, the resin was separated by its con- 
centration. On diluting the tincture with 
water, filtering, and adding acetate of lead, 
a yellow daphnate of lead fell, from which 
sulphuretted hydrogen separated the lead, 
and left tlie daphnin in small transparent 
crystals. They are hard, of a grayish co- 
lour, a bitter taste when heated, evaporate 
in acrid acid vapours, sparingly soluble in 
cold, but moderately in boiling water. It 
is stated, that its solution Is not precipita- 
ted by acetate of lead; yet acetate of Jead 
is employed in the first process to throw it 
down.* 

• p AT o LI T E. Datholit of Werner. This 
species is divided into two sub-species, viz. 
Common Datolite, and Botiioidal Uatolite. 

1. Common Datolite. Colour white of 
various shades, and greenish-gray, inclin- 
ing to celadine -green. It occurs in large 
coarse, and small granular distinct concre- 
tions, and crystallized. Primitive form, an 
oblique four-sided prism of 109^ 28' and 
70° 32'. The principal secondary forms, 
are the low oblique four-sided prism, and 
the rectangular four-sided prism, flatly 
acuminated on the extremities, With four 



planes which are set on the lateral plaoes. 
The crystals are small and in druses. Lus- 
tre shining and resinous. Cleavage imper- 
fect, parallel with the lateral planes of the 
prism. Fracture fine grained, uneven, or 
imperfect conchoidal. Translucent or 
transparent. Fully as hard as apatite. Very 
brittle, and difficultly frangible. Sp. gr. 2.9. 
When exposed to the fiaroe of a candle it 
becomes opaque, and may then be rubbed 
down between the fingers. Before, the blow, 
pipe it inturoesces into a milk-white co- 
loured masSf and then melts into a globule 
of a pale rose colour. Its constituents are» 
by Klaproth, silica 36.5> lime 35.5, boracic 
acid 24.0, water 4, trace of iron and man- 
ganese. It is associated with large folia- 
ted granular calcareous spar, at the mine of 
Nodebroe, near Arendal in Norway. It re- 
sembles prehnite, but is distinguished by 
its resinous lustre, compact fracture, infe- 
rior hardness, and not becoming electric 
by heating. — Jameson* 

• 2. BotrioidalPatolitb. SeeBoT- 

BYOLITE.*. 

• Datura. A vegeto-alkali obtained 
from Datura Stramonium.* 

• Dead-Sea Water. See Water.* 
Decays TAT ION. The action of pouring 

off the clearer part of a fluid by gently in- 
clining the vessel after the grosser parts 
have been suffered to subside. 

Decoction. The operation of boiling. 
This term is likewise used to denote the 
fluid itself which has been made to take up 
certain soluble principles by boiling. Thus 
we say a decoction of the bark, or other 
parts of vegetables^ of flesh, &c. 

Decomposition is now understood to 
imply the separation of the component 
parts nr principles of bodies from each 
other. 

The decomposition of bodies forms a 
very large part of chemical science. It 
s^ems probable fnmi the operations wte )ut 



Imt in consequenoe of some combination 
Of composition bavin|^ been effected. It 
would be difficult to point out an instance 
of tbe separation of any of the principles 
of bodies which has been effected, unless 
in consequence of some new combination. 
The only exceptions seem to consist in 
those separations which are made by heat, 
and voltaic electricity. ,See Analysis, 
Gas, Metals, Okks, Salts, Minerai. 
Watkhs. 

* Decrepitation. The crackling 
noise which several salts make when sud> 
denly heated, accompanied by a violent ex- 
foliation of their particles. This pheno- 
menon has been ascribed by Dr. Thomson, 
and other chemical compilers, to the *' sud- 
den conversion of the water which they 
contain into steam." But the very example, 
sulphate of barytes» to which these words 
are applied, is the stron^st evidence of 
the falseness of the explanation; for abso- 
lutely dry sulphate of barytes decrepitates 
furiously, without any possible formation 
of steam, or any loss of weight. The same 
thing Jiolds with regard to common salt, 
calcareous spars, and sulphate of potash, 
which contain no water. In fact, it is the 
salts which are anhydrous, or destitute of 
water, which decrepitate most powerfully; 
those that contain water, generally enter 
into tranquil liquefaction on being heated. 
Salts decrepitate, for the same reason that 
l^lass, quartz, and ci^t-iron crack, with an 
explosive force, when very suddenly heat- 
ed; namely, from the unequal expansion of 
the laminae which compose them, in conse- 
quence of their being imperf^t conduc- 
tors of heat. The true cleavage of mine- 
rals may often be detected in this way, for 
they fly asunder at their natural fissures.* 

f Deflagration. This word is used 
"by electricians and chemists, to denote 
that kind of combustion, which takes place 
in metallic wires, or leaves, when subject- 
ed to galvanic or electric discharges. See 
Galvanic DxFLACRAToa.f 

* Delphtnite. See Pistacite.* 

* Dblphinia. a new vegetable alkali, 
recently discovered by MM. Lasseigne and 
Feneulle, in the Delphinium ataphyaagria^ 
or Stavesacre. It is thus obtained: 

The seeds, deprived of their husks, and 
ground, are to be boiled in a small quanti- 
ty of distilled water, and then pressed in a 
cloth. The decoction is to be nltered, and 
boiled for a few minutes with pure mag- 
nesia. It must then be re-filtered, and the 
residuum left on the filter is to be well 
washed, and then boiled with highly recti- 
fied alcohol, which dissolves out the alkali. 
By evaporation, a white pulverulent sub- 
stance, presenting a few crystalline points^ 
IB oblftined. 



which bodies are deprived of water. ' 
Dbthlooisticatbd. a term of the old 

chemiitry, implying deprived of phlogiston, 

or the inflammable principle, and nearly 

synonymous with what is now expressed by 

•xygenatedy or oxidized. 

DsPHLOGiSTicATED AiR. The sftme 

with oxygen gas. 

Dbrbyshire Spar. A combination of 

calcareous earth with a peculiar acid called 

the Fi^uoRic, which see. 

* Desiccation is most elegantly accom- 
plished, by means of the air-pump and sul- 
phuric acid, as is explained under Congb- 

I.ATI01I* 

Dbstbuctivb Dzstzllatioh. When 
organized substances, or their products, 
are exposed to distillation, until the whole 
has suifered all that the iiimace can effect, 
the process is called destructive distilla- 
tion. 

Detonation. A sudden combustion 
And explosion. See Combustion, Fulmi- 

KATING POWDBBS, and GuNPOWDBB* 

* Dew. The moisture insensibly depo- 
sited from the atmosphere on the surface 
of the earth. 

The first facts which could lead to the 
just explanation of this interesting, and, till 
▼ery lately, inexplicable natural phenome- 
non, are due to the late Mr. A. Wilson, 
professor of astronomy in Glasgow, and his 
son. The first stated, in the Piiil. Trans, for 
im, that on a winter night, during which 
the atmosphere was several times misty and 
clear alternately, he observed a thermome- 
ter, suspended in the air, always to rt«e from 
B half to a whole degree, whenever the for- 
mer state began, and to fall as much as 
soon as the weather became serene. Dr. 
Patrick Wilson communicated, in 1786, to 
the Royal Society of Edinburgh, a valuable 
paper on hoar-frost, which was published 
in the first volume of their Transactions. 
It is replete with new and valuable obser- 
vations, whose minute accuracy subsequent 
experience has confirmed. Dr. Wilson had 
previously, in 1781, described the surface 
of snow, during a clear and calm night, to 
be 16® colder than air 2 feet above it; and 
in the above paper he shows, that the depo- 
sition of dew and hoar-frost is uniformly 
accompanied with the production of cold. 
He was the first among philosophical ob- 
servers who noticed this conjunction. But 
the diflPcrent force with which different sur- 
faces project or radiate heat being then un- 
known. Dr. Wilson could not trace the phe- 
nomena of dew up to their ultimate source. 
This important contribution to science has 
been lately made by Dr. Wells, in his very 
ingenious and masterly essay on dew. 

1. Phenomena of Dew. 

Aristotle justly remarked, that dew ap- 
pears only on calm and clear nights. ID^. 



Sited m opposite circumstances; and that 
Httle only when the clouds are very high. 
It is never seen on nights both cloudy and 
windy; and if in the course of the night the 
weather, from being serene, should l^ome 
dark and stormy, dew which had been de- 
posited will disappear. In calm weather, if 
the sky be partially covered witb clouds, 
more dew wil) appear than if it were en- 
tirely uncovered. 

Dew probably begins in the country to 
appear upon grass, in places shaded from 
the sun, during clear and calm weather, 
soon after the Iteat of the atmosphere has 
declined, and continues to be deposited 
through the whole night, and for a little 
af^er sunrise. Its quantity will depend in 
some measure on the proportion of mois- 
ture in the atmosphere, and is consequently 
greater after rain than after a long tract of 
dry weather, and in Europe, with southerly 
and westerly winds, than with those which 
blow from the north and the east. The di- 
rection of the sea determines this relation 
of the winds to dew. For in Bgypt, dew is 
scarcely ever observed except while the 
northerly or Etesian winds prevul. Hence 
also, dew is generally more abundant in 
spring and autumn, than in summer. And 
it 18 always very copious on those clear 
nights which are followed hj misty morn- 
ings, which show the air to be loaded with 
moisture. And a clear mornings following a 
cloudy night, determines a plentiful depo- 
sition of the retained vapour. When warmth 
of atmosphere is compatible with clearness, 
as is the case in southern latitudes, though 
seldom in our country, the dew becomes 
much more copious, because the air then 
contains more moisture. Dew continues to 
form with increased copiousness as the 
night advances, from the increased refri- 
geration of the ground. 

2. On the cause of dew. 

Dew, according to Aristotle, is a species 
of rain, formed in the lower atmosphere, in 
consequence of its moisture being con- 
densed by the cold of the night into minute 
drops. Opinions of this kind, saya Dr. 
Wells, are still entertained by many per- 
sons, among whom is the very ingenious 
Professor Leslie. (Relat, ofHeai andMoit- 
ture, p. 37. and 132.) A fact, however, first 
taken notice of by Gerstin, who published 
his treatise on dew in 1773, proves them to 
be erroneous; for he found that bodies a 
little elevsted in the air, often become 
moist with dew, while similar bodies, lying 
on the ground, remain dry, though neces* 
sarily, from their position, at liable to be 
wetted, by whatever falls f^m the heavens, 
as the former. The above notion is perfect- 
ly refuted, by what will presently appear 
zelative to metallic surfaces exposed to the 
air in a horizontal position, which : 



iFcred with dew. the sky. 

Alter a long period of drought, when the was foun 

air was very still and the sky serene, Dr. 2 grains, 

Wella exposed to the sky, 28 minutes be- to the sk 

fore sunset, previously weighed parcels of riment oi 

wool and swandown, upon a smooth, un- right on 1 

painted, and perfectly dry fir table, 5 feet baked cl 

long, 3 broad, and nearly 3 in height, which high. O 

had been placed an hour before, in liie sun- of the cy] 

shine, in a ^^LVge level grass field. The wool, which in 

12 minutes after sunset, was found to be the least 

14° colder than the air, and to have ac- much rai 

quired no weight. The swandown, the exposed 

quantity of which was much greater than moisture 

tiiat of the wool, was at the same time 13° screened 

colder than the air, and was also without of the sh 

any additicHial weight. In 20 minutes more, that acqu 

the swandown was 144 colder than the exposed, 

neighbouring ur, and was strll without any seems ne' 

increase of its weight. At the same time coolness, 

the grass was li° colder than the air four walks an< 

feet above the ground. quire de^ 

Dr. Wells, by a copious induction offsets face. He; 

derived from observation and experiment, its tempe 

establishes the proposition, that bodiet be- latter, an 

e^me colder than the neighbrniring air be- does the 

poaa they are dewed. The cold therefore pillary ac 

which Dr. Wilson and Mr. Six conjectured feet hap] 

to be the effect of dew, npw appears to be Nor is it 

its cause. But what makes the terrestrial a cloudy 

surface colder than the atmosphere? The board ac 

radiation or projection of heat into free weight, 

space. Now the researches of Professor If woo 

Leslie and Count Rumford have demonstra- ground o 

ted, that different bodies project heat with board, it 

very different degrees of force. in contac 

In the operation of this principle, there- more dev 

fore, conjoined with the power of a concave ward end 

mirror of cloud or any other awning, to re< than at tl 

fleet or throw down again those calorific former a 

emanations which would be dissipated in a that of tli 

clear sky, we shall find a solution of the surfaces, 

most mysterious phenomena of dew. Two dew than 

circumstances must here be considered: — silk and f 

1. The exposure of the particular surface respect tl 
to be dewed, to the free aspect of the sky. rapidly, t 

2. The peculiar radiating power of the But brig-l 
surface. 1. Whatever diminishes tlie view powerful! 
of the sky, as seen from the exposed body, piece of g 
obsipucts the depression of its tempera- or silver 
tore, and occasions the quantity of dew glass qui< 
formed upon it, to be less Uian would have exposure 
occurred, if the exposure to the sky had quires m 
been complete. • parts mo: 

Dr. Wells bent a sheet of pasteboard into ally appr. 

the shape of a penthouse, making the angle outwardl 

of flexure 90 degrees, and leaving both ends tin-foil, ii 

open. This was placed one evening with be depos: 

its ridge uppermost, upon a grass-plat in opposite 

the direction of the wind, as well as this inside, th 

could be ascertained. He then laid 10 will be sc 

grains of white, and moderately fine wool,. In the fir 

not artificially dried, on the middle part of glass un( 

wiat spof of the grass which was sfieltered and there 

by the roof, and the same quantity on ano- second ci 



vhich it coats, from recemng tbe cilorifie 
influence of the apartnjent, and hence it is 
sooner refrigerated by^bctemal radiation, 
than the rest of the pane. Gold, siWer, 
copper, and tin, bad radiators of heat, and 
excellent conductors, acquire dew with 
greater difficulty than platina, which is a 
more imperfect conductor; or than lead, 
sine, and steel, which are better radiators. 

Hence dew which has formed upon a 
metal wUl often disappear, while other 
substances in the neighbourhood remain 
wet; and a metal purposely moistened, will 
become dry, while neighbouring bodies are 
acquiring moisture. This repulsion of dew 
IS communicated by metals to bodies in 
contact with, or near them. Wool laid on 
metal acquires less dew, than wool laid on 
.the contiguous grass. 

If the night b^omes cloudy, after having 
been very clear, though there be no change, 
with respect to calmness,' a considerable 
alteration in the temperature of the grass 
always ensues. Upon one such night, the 
grass, after having been 12^ colder than 
the air, became only 2® colder; the atmos- 
pheric temperature being the same at both 
observations. On a second night, grass be- 
came 9^ warmer in the space of an hour 
and a half; on a third night, in less than 45 
minutes, the temperatui'e of the grass rose 
15°, while that of the neighbouring air in- 
creased only 3J®. During a fourth night, 
the temperature of the grass at half past 
9o*clock was 32^. In 20 minutes after- 
wards, it was found to be 39®, the sky in 
the mean time having become cloudy. A.t 



the end of 20 minutes more, the sky besi^ 
clear, the temperature of the g^ss was 
again 32*. A thermometer lying on a grass- 
plat, will sometimes rise several degrees, 
when a cloud comes to occupy the zenith 
of a clear sky. 

Wher, during a clear and still nighty 
(Afferent thermometers, placed in dilFerent 
situations, were examined, at the same 
time, those which were situated where 
most tlew was formed, were always found 
to be the lowest. On dewy nights the tem- 
perature of the earth, half an inch^r an 
inch beneath the surface, is always found 
much Warmer than the grass upon it, or 
the air above it. The differences on five 
such nights, were from 12 to 16 degrees. 

In making experiments with thermome- 
ters it is neoessaiy to coat their bulbs with 
silver or gold leaf, otherwise their glassy 
surface indicates a lower temperature than 
that of the air, or the metallic plate it 
touches. Swandown seems to exhibit great- 
er cold, on exposure to the aspect of a 
clear sky, than any thing else. When grass 
is 14** below the atmospheric temperature, 
swandown is commonly 15^. Fresh un- 
broken straw and shreds of paper, rank in 
this respect with swandown. Charcoal, 
lampblack, and rust of iron, are also very 
productive of cold. Snow stands 4® or 5® 
hi£^her than swandown laid upon it in a clear 
night. 

The following tabular view of observa- 
tions by Dr. Weils, is peculiarly instruc- 
tive:— 



Heat of the air 4 feet above the grass, 

. wool on a raised board,, - - 

— swandown on the same, - - 

surface of the raised board, - 

'■ grass-plat, 



6A, 45' 



60i<' 

53i 

544 

58 

53 



r&. 



60J« 

54i 

53 

57 

51 



7h. 20' 



59« 

5li 

51 

55i 

494 



7h, 40' 



53» 
48f 
474 

49 



8A. 45' 



540 
444 
424 

42 



The temperature always falls in clear 
nights, but the deposition of dew, depend- 
ing on the moisture of the air, may occur 
or not. Now, if cold were the effect of 
dew, the cold connected with dew ought 
to be always proportional to the quantity 
of that fluid; but this is contradicted by 
experience. On the other hand, if it be 
granted that dew is water precipitated 
from the atmosphere, by the cold of the 
body on whicli it appears, the same degree 
of cold in the precipitating body may be 
attended with much, with little, or with 
no dew, according to the existing state of 
the air in regard to moisture, all of which 
circumstances are found really to take 
place. The actual precipitation of dew, 
indeed, ought to evolve heat. 

* — y few degrees of diflfertticft of t^- 



perature between the grass and the atmos- 
phere is sufficient to determine the forma- 
tion of dew, when the air is in a proper 
state. But a diflference of even 30**, or 
more, sometimes exists, by the radiation 
of heat from the earth to the heavens. And 
hence, the air near the refrigerated sur- 
face must be colder than that somewhat 
elevated. Agreeably to Mr. Six's observa- 
tions, the atmosphere, at the height of 220 
feet, is often, upon such nights, 10® warmer 
than what it is seven feet above the ground. 
And had not the lower air thus imparted 
some of its heat to the surface, the latter 
would have been probably 40* under the 
temperature of the aur. 

Insulated bodies, or prominent points, 
are sooner covered with hoar-frost and dew 
than othetPsT t^BP^CUn^ the eqnifibrtura of 



tkeir temperature is more difficult to be 
restored. As ae;ial stillness is necessary 
to the cooling effect of radiation, we can 
understand why the hurtfui effects of cold, 
heavy fogs, and dews, occur chiefly in hol- 
low and confined places, and less frequently 
on hills In like manner, the leaves of 
trees often remain dry tlii-oughout the 
the night, while the blades of grass ace 
covered with dew. 

!No direct experiments can be made to 
ascertain the manner in which clouds pre- 
vent or lessen the appearance of a cold at 
nig'ht, upon the surface of tlie earth, greater 
than that of the atmosphere. But it may 
be concluded from the preceding observa- 
tions, that they produce this effect almost 
entirely by radiating heat to the earth, in 
return for that which they intercept in its 
progress from the eai*th towai'ds the hea<«' 
vens. The heat extricated by the conden- 
sation of transparent vapour int6 cloud 
must soon be dissipated; whereas, the ef- 
fect of greatly lessening or preventing al- 
together tlie appearance of a greater cold 
on the earth than that of the air, will be 
produced by a cloudy sky dqring^the whole 
of a long night. 

We can thus explain, in a more satisfac- 
tory maimer than has usually been done, 
the sudden warmth that is felt in winter, 
when a fleece of cloiids supervene^ in clear 
frosty weather. Chemists ascribed this sud- 
den and powei'ful change to the disengage- 
tnent of the latent heat of the condensed 
vapours; but Dr. Wells's thermometric ob^ 
servations on the. sudden alternations of 
temperature by cloud and clearness^ ren- 
der that opinion untenable. We find the 
atmosphere itself, indeed, at moderate ele- 
vations, of pretty uniform temperature, 
while bodies at the 8Ui*face of the ground 
suffer great variations in their temperature. 
This single fact is fatal to the hypothesis 
derived from the doctrines of latent heat , 

** X had often," says Dr. Wells, " smiled, 
in the pride of half knowledge, at the 
means frequently employed by gardeners, 
to protect tender plants from cold, as it 
appeared to me impossible that a thin fnat, 
or any such flimsy substance, could prevent 
them from attaining the temperature of the 
atmosphere, by which alone i thought tliem 
liable to be injured. But when I had learn- 
ed, that bodies on' the- surface of the earth 
become, during a still and serene night, 
colder than tiie atmosphere, by radiating 
tlveir heat to the hea\'ens, I perceived im- 
mediately a just reason for the practice, 
which I had before deemed useless. Be- 
ing desirous, however, of acquiring some 
precise information on this subject, 1 fixed 
perpendicularly, in the earth of a grass- 
-)lut, four^mall sticks, and over their uf>. 
per extremities, which Were (»ix inches 
Vol. L 



above the grass, and formed the cornery 
of a square whose sides were two feet 
long, I drew tightly a very thin cambric, 
handkerchief. In this di&position of things^ 
therefore, nothing existed to prevent the 
free passage of air from the exposed grass 
to that which was sheltered, except the 
four small sticks, and there was no sub<* 
stance to radiate downwards to, the latter 
g^ass, except the cambric handkerchief.'* 

The sheltered g^ass, however, was found 
nearly of the same temperature as the air, 
while the unsheltered was 5^ or more cold* 
er. One night the fully exposed grass waSi 
11* colder than the air; but the sheltered 
grass was only 3* colder. Hence we se* 
the power of a very slight awning, to avert 
or lessen the injurious coldness of the 
ground. To have the full advantage of 
such protection from the chill aspect of 
the sky, the covering should not touch the 
subjacent bodies. Garden walls act partly 
on the same principle. Snow screens plants 
from tliis chilling radiation. In warm cli- 
mates, tlie deposition of dewy moisture on 
animal substances hastens their putrefac- 
tion. As this is apt to happen only in clear 
nights, it was anciently supposed that bright 
moonshine favoured animal corruption. 

Frem this rapid emission of heat from 
the surface of the ground, we can now ex- 
plain the formation of ice during the night 
in Bengal, while the temperature of the air 
is above 32*. The nights most favourably 
for this effect, are those which are the 
calmest and most serene, and on which the 
air is so dry as to deposite little dew after 
midnight. Clouds and frequent changes 
of wind are certain preventives of conge- 
lation. 300 persons are employed in this 
operation at one place. The enclosures 
formed on the ground are four or five feet 
wide, and have walls only four inches hig^. 
In these enclosures, previously bedded with 
dry straw, broad, shallow, unglazed earthen 
pans are set, containing unboUed pump-vMi' 
ter. Wind, which so greaily promotes eva- 
poration, prevents the freezing altogether, 
and dew forms in a greater or less degree 
during the whole of the nights most pro- 
ductive of ice. If evaporation were con- 
cerned in the congelation, wetting the straw 
would promote it. But Mr. Williams, in 
the 83d vol. of the Fhil. Trans, says, that 
it is nbceamryUi the successof the process 
that the straw be di-y. In proof of this lie 
ntentioiis, that when the straw becomes wet 
by accident it is renewed; and that when 
he purposely wetted it in some of the in- 
closures, the formation of ice there was al- 
ways prevented. Moist straw both conducts 
heat antf raises vapour from the ground, so 
as to obstruct the congelation. According 
to Mr. Leslie, water stands at the head <Si 
radiating subitances. JSee CAJkoalc* 
4.5 



* DiAUAfti. A Species of the genus Schil- 
kr spar. Diallage has a grass-green colour. 
It occura massave or disseminated. Lustre 
^listening and pearly. Cleavage imperfect 
double. Translucent Harder than fluor 
spar. Brittle. 8p.gr. 3.1. It melts before 
the blow-ptpe into a gray or greenish ena- 
mel. Its constituents are 50 silica, 11 alu- 
mina, 6 magnesia, 13 lime, 5.3 oxide of iron, 
1.5 oxide oJT copper, 7.5 oxide of chrome.— 
Vauque&n It occurs in the island of Corn- 
ea, and in Mont Rosa in Switzerland, along 
with saussurite. It is the verde di Conka 
thro of artists, by whom it is fashioned into 
ring-stones and snuft'-bozes* It is the sma- 
ntgdite of Saussure. 

I'he diallage in the rock is called gaibro.* 
» DiAMOivu. Colours white and g^y, also 
red, brown, yellow, green, blue, and black. 
The two last are rare. When cut it exhi- 
bits a beautiful play of colours in the sunbeam. 
It occurs in rolled pieces, and also crystal- 
lized : Ist, In the octohedron, in which each 
phne is inclined to the adjacent, at an angle 
of 109° 28^ 16". The faces are usually cur- 
vilinear. This is tlie fundamental figure. — 
2d, A simple three-sided pyramid, truncated 
on ail the angles. 3d, A segment of the oc- 
tohedron. 4th, Twin crystal. 5th, Octohe- 
dron, with all the edges tnmcated. 6th, 
Octohedron, flatly bevelled on all the edges. 
7th, Rhomboidal dodeci^hedron. 8th, Octo- 
hedron with convex faces, in which each is 
divided into three triangular ones, forming 
ahogether 24 faces. 9th, Octohedron, in 
which each convex fiwe is' divided into six 
planes, forming 48 in all. 10th, Rlioftiboi- 
dal dodecahedron, with diagonally broken 
plan<'9. 11th, A flat double three-sided py- 
ramid. 12th, Very flat double three-sided 
pyramid, with cylindrical convex faces. 13th, 
Veiy flat double six-sided pyramid. 14th, 
Cube truncated on the edges. Crystal small. 
Surface rough, uneven, or streaked. Lustre 
splendent, and internally perfect adamantine. 
Cleavage octohedral, or parallel to the sides 
ot an octohedron. Foliated structure. Prag- 
menis octohedral or tetruhedral. Semi trans- 
parent Refracts single. Scratches all known 
minerals. Rather easily frangible. Streak 
gray. Sp. gr. 3.4 to 3.6. It consists of pure 
carbon, as we shall presently demonstrate. 
When rubbed, whether in the rough or po- 
lished state, it shows positive electricity; 
whereas rough quartz aftbrds negative. It 
becomes phosphorescent on exposure to the 
sun, or the electric spark, and shines with a 
fiery light. In its power of refracting light 
it is exceeded only by red lead-ore, and or- 
piment. It reflects all the light falling oh 
Its posterior surface at an angle of incidence 
greater than 24° 13', whence its great lustre 
is derived. Artificial gems reflect the half 
of this light. It occurs in imbedded grains 
and ctystals in a sandstone in Brazil* which 



rests on chlorite and clay-slate. In India 
the diamond bed of clay is underneath beds 
of red or bluish-black clay; and alto in allu- 
vial tracts both in India and Brasil. For the 
mode of working diamond mines, and cutting 
and polishing diamonds, consult Jamesofvi 
Jl^neralojgyt vol. i. p. 11. 

The diamond is the most valued of all mi- 
nerals. Dr. Wollaston has explained the 
cutting principle of glaziers' diamonds, with 
his accustomed sagacity, in the Phil. Trans, 
for 1816. 

The weight, and consequently the Tahie 
of diamonds, is estimated in carats, one of 
which is equal to four grains, and the price 
of one diamond, compared to that of another 
of eqwd colour, transparency, purity, form, 
&c. is as the sqtiares of the respective weights. 
The average price of rough diamonds that 
are worth working, is about L. 2 for the first 
carat. The value of a cut diamond being 
equid to that of a rough diiunond of double 
weight, exclusive of the price of workman- 
diip, the cost of a wrought diamond of 

1 carat is L.8 

2 do. is 2S X L.8, - 32 

3 do. is 3s X L.B, » 72 

4 do. is . 4S y L.8, «. 128 

100 do. islOOs X L.8» —80000. 

This rule, however, is not extended t» 
diamonds of more than 20 carats. The lar- 
ger ones are disposed of at prices inferior to 
meir value by that computation. The snow- 
white diamond is most highly prized, by the 
jeweller. If transparent and pure, it is said 
to be of the first water. 

The carat grain is diflTereht from the Troy 
grain. 156 carats make up the weight of 
one oz. troy; or 6l2 diamond grains are con- 
tained in the Troy ounce. 

From the high refractive power of the 
diamond, MM. Biot and Arago supposed - 
that it might contain hydrogen. Sir H. Da- 
vy, from the action of potasmum on it, and 
its non-conduction of electridty, suggested 
in his third Bakerian lecture that a minute 
portion of oxygen might exist in it; and in 
his new experiments on the fluoric com- 

rndsy he threw out the idea, that it might 
the carbonaceous principle, combined 
with some new, fight, and subtle element, of 
the oxygenous and chlorine class. 

This unrivalled chemist, ^during his resi- 
dente at Florence in March 1814, made 
several experiments on the combustion of 
the diamond and of plumbago by means of 
the great lens in the cabinet of natural his- 
tory, the same instrument as that employed 
in the first trials on the action of the solar 
heat on the diamond, instituted in 1694 by 
Cosmo IIL Grand Duke of Tuscany. He 
8id)sequeiitly made a seiies of researches o& 



tiie combustion of dtfFerent kinds of char« 
coal at Rome. His mode of investigation 
was pecuHarlv elegant, and led to the most 
decisive results. 

He found that diamond, when strongly 
ignited by the lens, in a thin capside of pla- 
tinum, perforated with many orifices, so as lo 
admit a fi'ee circulation of air, continued to 
bum with a steady brilliant red light, visible 
in the brightest sunshine, after it was with- 
drawn from the focus. Some time after the 
diamonds were removed out of the focus, 
indeed, a wire of platina that attached them 
to the tray was fused, though their weight 
was only 1.84 grains. His apparatus con- 
sisted of clear glaiss globes of the capacity of 
from 14 to 40 cubic inches, having single a- 
pertures to which stop-cocks were attached. 
A small hollow cylinder of platinum wiis at- 
tached to one end of the stop-cock, and was 
mounted with the liitle perforated capsule 
for containing the diamond. When the ex- 
periment was to be made, the globe con- 
taining the capsule and the substance to be 
burned was exhausted by an excellent air 
pump, and pure oxygen, from chlorate of 
potash, was then introduced. The change 
of volume in the gas after combustion was 
estimated by means of a fine tube connected 
with a stop-cock, adapted by a proper screw 
to the stop-cock of the globe, and the ab- 
sorption was judged of by the quantity of 
mercury that entered the tube, which af- 
forded a measure so exact, that no altera- 
tion however minute, could be overlooked. 
He bad previously satisfied himself tliat a 
quantity of moisture, less than l-lOOth of a 
gmin, IS rendered evident by deposition on 
a polished surface of glass ; for a piece of 
paper weighing one g^ain was introduced 
into a tube of jwout four cubic inches capa- 
city, whose exterior was slightly heated by 
a candle;. A dew was immediately percep- 
tible on the inside c^ the glass, though the 
paper, when weighed in a balance turning 
with 1400th of a grain, indicated no appre- 
ciable diminution. 

The diamonds were always heated to red- 
ness before they were introduced into the 
capsule. During their combustion, the glass 
globe was kept cool by the application of 
water to that part of it immediately above 
the capsule, and where the heat was great- 
est. 

From the results of his different experi- 
ments, conducted with the most unexcep- 
tionable precision, it is demonstrated, that 
diamond affords no other substance by its 
combustion than pure carbonic acid gas; 
and that the process is merely a solution of 
diamond in oxygen, without any change in 
the volume of the gas. It likewise appears, 
that in the combustion of the different kinds 
of charcoal, water is produced; and that 
from tlie diminution of the volume of the 
^^ffeo, there is every reason to bejliev^at 



the water is formed by the combustion c( 
hydrogen existing in strongly ignited char- 
coal. As the charcoal from oil of turpen- 
tine left no residuum, no other caUse but the 
presence of hydrogen can be assigpied for 
the diminution occasioned in the volume of 
the gaa during its combustion. 

The only chemical difference perceptible 
between diamond and tlie purest charcoal is, 
tliat the last contains a minute portion of 
hydrogen ; but can a quantity of ain element, 
less in some cases than l-50,U0Oth part of 
the weight of the substance, occasion so 
great a difference in physical and chemical 
characters? Tlie opinion of Mr. Tennant, 
that the difference depends on crystalliza- 
tion, seems to be correct. Transparent so- 
lid bodies ai*e in general non-coiKluctors of 
electricity ; and it is probable that the same 
corpuscular arrangements which give to mat- 
ter the power of transmitting and polarizing 
light, are likewise connected with its rela- 
tions to electricity. Thus water, the hy- 
drates of the alkalis, and a number of other 
bodies which are conductors of electricity 
when fluid, become non-conductors in their 
crystallized form. 

That charcoal is more inflammable than 
t];)e diamond, may be explained from the 
looseness of its texture, and from the hydro- 
gen it contains. But the diamond appears 
to burn in oxygen with as much facility as 
plumbago, so that at least one distinction 
supposed to exist between the diamond and 
common carbonaceous substances is done 
away by these researches. The power pos- 
sessed by certain carbonaceous substances of 
absorbing gases, and separating colouring 
matters from fluids, is probably mechanical^ 
and dependent on their porous oi^nic 
structure ; for it belongs in the highest de- 
gree to vegetable and animal charcoal, and 
it does not exist in plumbago, coak, or an- 
tliracite. * • 

The nature of the chemical ^fference be- 
tween the diamond and other carbonaceous, 
substances, may be demonstrated by igniting 
them in chlorine, when muriatic acid w pro- 
duced from the latter, but not th6 former.—- 
The visible acid vapour is owing to the mois- 
ture present in the chlorine uniting to the 
dry muriatic gas. But charcoal, after be- 
ing intensely ignited in chlorine, is not al- 
tered in its conducting power or colour. — 
This circumstance is in favour of the opi- 
nion, that the minute quantity df hydrogen 
is not the cause of the great difference be- 
tween the physical properties of the diamond 
and charcoal.^ 

It does not appear that any sum exceed- 
ing one hundred and fifly thousand pounds ^ 
has been given for a diamond. '' 

*DicH]ioiTB. See Iolite.* 

DioBSTioir. The slow action of a splvent 
npon any substance. 



€nyme in iiie momacii ui aniniais oy iiic 
solvent power of the gastric juice. Some 
interesting researches have been lately made 
on this subject by Dr. Wilson Philip and Dr. 
Proiit, 

Pfienomentt, t^t. of digttHon in a rabbit. — 
A rabbit which had been kept without food 
for twelve hours, was fed upon a mixture of 
bran and oats. About two nours afterwards 
it was killed, and examined immediately 
while still warm, when the following cir- 
cumstances were noticed: The stomacii was 
jnoderately distended, with a pulpy mass, 
Which consisted of the food in a minute state 
of division, and so intimately mixed, that the 
different articles of which it was composed 
could be barely recognized. The digestive 
process, however, did not appear to have 
taken place equally thmughoiit the mass, but 
seemed to be confined principally to llie 
superficies, or where it was in contact witli the 
stomach. The smell of this mass was pecu- 
liar, and difficult to be described. It might 
be denominated fatuous and disagreeable. 
On being wrapped up in a piece of linen, 
and subjected to moderate prtssure, it yield- 
ed upwards of half a fluid ounce of an opaque 
jeddisli-brown fluid, which instantly red- 
dened litmus paper very strongly. It in- 
stantly coagulated milk, and, moreover, 
seemed to possess the property of redis- 
solving the curd and converting it into a fluid. 
Very similar to itself in appearance. It was 
not coagulated by heat or acids; and, in 
short, did not exliibit antf evidence of an ai- 
hunintmB principle* On being evaporated to 
dryness, and burned, it yielded very copious 
traces of an alkaline muriate, with slight 
traces of an alkaKne phosphate and sulphate; 
also of rarious earthy salts, as' the sulpha te 
phosphate, and carbonate of lime. 

•'The first thing,*' says Dr. P. "which 
iitrikes the eye on inspectinfg the stomachs 
of rabbits wbtch have lately eaten, is, that 
the new is never mixed wiih tlie old food. 
The former is always found in the centre sur- 
tiounded on all sides by the old food, excepts 
that on the upper part between the new 
iood and the smaller curvature of the stom- 
ach, there is sometimes little or no old food. 
If the old and the new food are of different 
kinds, and the animid be kitted after taking 
the latter, unless a gi»at lengtli of time has 
elapsed after taking it, the hne of separation 
is perfectly evident, so that the old may be 
removed without disturbing tlie new food. 

« it appears that in proportion as the food 
is digested, it is moved along the great cur- 
vature, when the change in it is rendered 
wore perfect, to tlie pyloric portion. The 
layer of food lyin^ next the surface of the 
Btomach, is first digested. In proportion as 
this undergoes the proper change, it is moved 
on by the muscular action of Uie' stomach. 



is going on; that part of th^ food which lies 
next the surface of the stomach passing to- 
wards the pylorus, and the more central 
parts approaching the surface." 

Dr. Philip has remarked, that the great 
end of the stomach is the part most usually 
found acted upoh by the digestive fluids 
after death. 

The following phenomena were observed 
by Dr. Prout:— 

Comparativt examination of the contents of 
the duodeyia of two dogs, one of rohieh had 
been fed on vegetable food, the other on animal 
food only. The chymous mass from vegeta- 
ble food f principally bread) was composed 
of a semi-fluid, opaque, yellowish -white part, 
containing anotlier portion of a similar co- 
lour, but firmer consistence, mixed with it- 
Its specific gravity was 1.056. It showed 
no tmces of a free acid, or alkali; but coagu- 
lated milk completely, when assisted by a 
gentle heat. 

That from animal food was more thick 
and viscid than that from vegetable food, 
and its colour was more inclined to red. Its 
sp. gr. was 1.022. It showed no traces of 
a free acid or alkali; nor did it coagulate 
milk even when assisited by the most favour- 
able circumstances. 

On being subjected to analysis, these two 
specimens were found to consist of 

Chyme from Chyme from 
regembte fbod. auunallood. 

Water, 86.5 , 80.0 

Gastric principle, united 
with the alimentary, 
matters, and apparent- 
ly constituting the 
chyme, mixed with 
excrementitious mat- 
ter, - - - 6.0 • 15. « 

Albuminous matter, part- 
ly consisting of fibrin, 
derived from the flesh 
on which the animal 
had been fed, - — 

Biliary principle, - 1.6 

Vegetable gluten.? - 5.0 

Salme matters, - 0.7 

Insoluble residuum^ 0.2 



100.0 



1.3 
1.7 

0.7 
0.5 

100.0 



Very similar phenomena were observed in 
other instances. But when the animal was 
opened at a longer period after feeding. Dr. 
Pi-out generally found much stronger evi- 
dences of albuminous matter, not only in 
the duodenum, but nearly tliroughout th^ 
whole of the small intestines. The quantity, 
however, was generally very minute in the 
ileum; and where it enters the caecum, no 



trscfs of this principle could be perceiTcd 
See SAHeuincATioH.* 

DiGESTivK Salt. Muriate of potash. 

DieisTBR. The drgester is an instrument 
invented by Mr. Papin about the beginning 
of the last century. It is a strong vessel of 
copper or iron, with a cover adapted to 
screw on with pieces of felt or paper inters 
posed. A valve with a small aperture is 
made in the cover, the stopper of which 
raWe may be more or less loaded either by 
actual weights, or by pressure from an ap- 
paratus on the principle of the steelyard. 

Th« purpose of this vessel is to prevent 
the loss of heat by evaporation. The solvent 
power of water wlien heated in this vessel 
is greatly increased. 

* Diopsiss. A sub-species of oblique edg- 
ed augite. Its colour is g^enish-white. It 
occurs massive, disseminated, and crystalliz- 
ed: 1. In low oblique four-sided prisms. 2. 
The same, truncated on the acute lateral 
edges, bevelled on the obtuse edges, and 
the edge of the bevelment truncated. 3. 
Eiglit-sided prisms. The broader lateral 
planes are deeply longitudinally streaked, 
tlie others are smooth. Lustre shining and 
pearly. Fracture uneven. Translucent. — 
As hard as augite. Sp. gr. 3. 3 It melts 
with difficulty before the blow-pipe. It 
consists of 57. 5. siUca, 18.25 magnesia 16.5 
lime, 6 iron and manganese. — Laaigier, It 
is found in the hili Ciarmetta in Piedmont ; 
also in the black ruck at Mussa, near the 
town of Ala, in veins along with epidote or 
pistacite, and hyacinth-red garnets. It is the 
Alalite and Mussite of Bouvoisin.* 

* DiopTAss. Emerald copper-ore.* 

* Dif pel's animal oil, an oily matter ob- 
tained in tlie igneous decomposition of horns 
in a retort Rectified, it becomes colourless, 
aromatic, and as light and volatile as ether. 
It changes sirup of violets to a green from 
its holding a little ammonia in solution.* 

* DiPTRK. Schmelszstein. 

This mineral is distinguished by two char- 
acters; it is fusible with intumescence by 
t)\e blow-pipe, and it emits on coals a taint 
phosphorescence. It is found in small prisms 
united in bundles, of a grayish or reddish- 
white. These crystals are splendent, hard 
enough to scratch glass; their longitudinal 
fracture is lamellar, and their cross fi^acture 
conchoidal. Its sp. gr. is 2.63. The primi- 
tive form appears to be the regular six-sided 
prism. It consists of 60 silica, 24 alumina, 
IQ lime, 2 water, and 4 loss. — VaitqveUn. It 
occurs in a white or reddish steatite, mingled 
with sulphuret of iron, on the right bank of 
th« torrent of Mault^on in the western Py- 
renees.* 

* DisTiLLATioK. The vaporization and 
Aubsequent condensation of a liquid, by 
means of an alembic, or still and refrigera- 
tory^ or of a retort and a receiver. The old 



distinctions of dUtHlaUo per latia, per aeeen- 
aunif and /«er decensum, are now discarded. 

Under Laboratort, a drawing and de- 
scription of a large stiU of an ingenious con- 
struction is given. The late celebrated Mr. 
Watt having ascertained, that liquids boiled 
in vacuo at much lower temperatures than 
under the pressure of the atmosphere, appli- 
ed this fact to distillation; but he seems, ac- 
cording to Dr. Black's report of the experi- 
ment, to have found no economy of fuel in 
this elegant process ; for the latent heat of 
the vapour raised in vacuo, appeared to. be 
considerably greater than that raised in or- 
dinary circumstances. Mr. Henry Tritton 
has lately contrived a very simple apparatus 
for performing this operation m vacuo ; and 
though no saving of fiiel should be made, yet 
superior flavour may be secured to the dis- 
tilled spirits and essential oils, in conse- 
quence of the moderation of the heat. The 
still is of the common form ; but instead of 
being placed immediately qver a fire, it is 
immersed in a vessel containing hot water. 
The pipe from the capital bends down and 
terminates in a cylinder or barrel of metal 
plunged in a cistern of cold liquid. From 
the bottom of this barrel, a pipe proceeds 
to another of somewhat larger dimensions^ 
which is surrounded witli cold water, and 
fumisAied at its top with an exhausting 
syringe. 

The pipe fjrom the bottom of the still, for 
emptying it, and that from the bottom of 
each barrel, are provided with stop-cocks. 
Hence, on exhausting the air, the liquid will 
distil rapidly, when She body of the alembic 
is surrounded with boiling water. When it 
is wished to withdraw a portion of the dis- 
tilled liquor, the stop-cock at the bottom of 
the first receiver is shut, so that on opening 
that at the second, in order to empty it, the 
vacuum is maintained in the still. It is evi- 
dent that the first receiver may be surround- 
ed with a portion of the liquid to be distil- 
led, as I hjive already explained in treating 
of alcohol. By this means the utmost econ- 
6my of fuel may be observed. , 

The term tUaHOation, is often applied in 
this country, to the whole process of con- 
verting malt or other saccharine matter, into 
spirits or alcohol. 

In making malt whiskey, one part of bruis- 
ed malt, with from four to nine parts of bar- 
ley meal, and a proportion of seeds of oats, 
corresponding to that of the raw grain, is in- 
fiised in a mash-tun of cast iroa, with from 
12 to 13 wine gallons of water, at 150® 
Fahr. for every bushel of the mixed farina- 
ceous matter. The aeitation then g^ven by 
manual labour or macmineiy to break down 
and equally diffuse thelumps of meal, con- 
stitutes the process of nuuhing* This opera- 
tion continues two hours or upwards, accord- 
ing H t^e propoiti«B of anmalt;^d barleys, 



florinff vhieh the temperature is kept up, by 
the emision of leven or eight additional gfal* 
lonsof water* a few degrees under the boil- 
ing temperature. The ii^Punon termed wort 
havinff become progreaavely sweeter, is al- 
lowed to settle for two houn, and is run off 
from the top, to the amount of about one- 
third the buik of water employed. About 
eight gallons more of water, a little under 
300^ F. are now admitted to the renduum, 
infuted for nearly half an hour with agita- 
tion, and then left to subside for an hour 
and a half, when it is drawn off. Some- 
times a third affusion of boilii^ water, equal 
to the first quantity, is made, and this infu- 
sion 18 generally reserved to be poured on 
tkewfannoi or it is concentrated by boiling 
and added to the former liquors. In Scot- 
lamly the distiller is supposed by law, to ex- 
tract per cent 14 gallons of spirits, sp. gr. 
0,91917, or 1 to 10 orer proof; and must pay 
<iuty accordingly. Hence, his wort must 
have at least the strength of SS^ pounds of 
saccharine matter, per barrel, previous to 
letting it down into the fermentmg tun; and 
the law does not permit it to be stronger 
than 75 pounds. Every gallon of the above 
spirits contains 4.6 pounds of alcohol, sp.g^. 
6.825, and requires for its production the 
complete decomposition of twice 4.6 pounds 
oi" sugar -» 9.2 pounds. But since we can 
never count on decomposing above four- 
fifths of the saccharine matter of wort, we 
must add one-fifth to 9.2 pounds, when we 
idiall have 11^ pounds for the weight of 
saccharine matter, equivalent in practice to 
one gallon of the legal spirits. Hence, the 
distilled is compelled to raise the strength of 
fais wort up to nearly 70 pounds per barrel 
as indicated by his saccharometer. This 
concentration is to be reip*etted, as it mate- 
rially injures the flavour of the spirit. The 
thinner worts of the Dutch, give a decided 
fwperiori^ to their akc^ols. At 62 pounds 
per barrel, we should have about 12 per 
cent of spirits of the legal standard. 

To prevent acetification, it is necessai;y 
to cool the worts down to the proper fer- 
menting temperature of 70*^, or 65°, as ra- 
pidly as possible. Hence, they are pumped 
immediately from the mash-tun into exten- 
sive wooden troughs, two or three inches 
deep, exposed in open sheds to the cool air; 
or they are made to traverse the convolu- 
tions of a pipe, immersed in cold water. — 
The wort being now nin into the ferment- 
ing tun, ye*t is introduced and added in 
nearly equal successive pcHtions, during three 
days; amounting in all to about one gallon, for 
every two bushels of farinaceous matter. The 
temperature rises in three or four days, to its 
maximum ofSQP; and at the end of 10 or 12 
days the fermentation is completed; the tunS 
being closed up during the last half of the 
period* The distillera do not collect tht 



jreast Itam tbttr fermenting tuns, butaUow 
It to fall down, on the supposition that it en- 
hances the quantity of alcohol. 

The specific gravity of the liquid has now 
probably sunk from 1.O60, that of wort 
equivalent to about 56 pounds per burel, to 
1.005, or LOOO; and consists of alcohol mix- 
ed with undecomposed saccharine and fiui- 
, naceous matter. The larger the proportion 
of alcohol, the more sugar will be preserved 
unchanged; and hence the impohcy of the 
present laws on distiibtion. 

Some yeara ago, when the manufacturer 
paid a duty for the season, merely acobrding 
to the measurement of his st'Ul, it was his in- 
terest to wwk it ofi' with the utmost possible 
speed. Hence the form of still and furnace 
described under Laboiutokt, was contrived 
by some ingenious Scotch distillera, by which 
means they could work off in less than four 
minutes, and rechai^ge, an 80 gallon still; an 
operation which had a few years before last- 
ed several days, and wh^ch the vigilant fra- 
piera of the law, af^er recent investigation, 
deemed possible only in eight minutes. I'he 
waste of fuel was however great. The du- 
ties being now levied on the product of spi- 
rit, the above contest against time no longer 
exists. It has been supposed, but I think 
on insufficient ground^ that quick distilla- 
tion injures the flavour of spirits. This I 
believe to depend, almost entirely, on the 
mode of conducting the previous fermenta- 
tion. 

In distiUisg ofFthe spirit from the ferment- 
ed wort or wash, a hydrometer is used to as- 
certain its progressive diminution of strength, 
and when it acquires a certain weakness, 
the process is stopped ¥y opening the stop- 
cock of the pipe, which issues from the bot- 
tom of the still, and the spent wash is re- 
moved. There is generally introduced into 
the still, a bit of soap, whose oily, principle 
spreading on the surface of the boiling li- 
quor, breaks the large bubbles, and of course 
checks the tendency to froth up. The spirits 
of the first distillation, called in Scotland 
few tomes, are about 0.975 sp. gravi^, and 
contain nearly 20 per cent of sdcohol of 0.825. 
Redistillation of the low wines, or doubliu^, 
gives at first the fiery spirit called first-shot, 
milky and criide, from the presence of a lit- 
tle oil. This portion is returned into the low 
wines, What flows next is clear spirit, and 
is received in one vessel, till its density di- 
minish to a certain degree. The remain- 
ing spirituous liquor, called yiwi/s, is mixed 
with low wings, and subjected to another dis- 
tiUation. 

The manufiu^turer is hindered by law 
from sending out of his distillery, stronger 
spirits than 1 to 10 over hydrometer proof, 
equivalent to sp. gr. 0.90917; or weaker spi- 
rits than 1 in o under proo^ whose sp. gr. 
isi).9385. 



mode of' making Geneva: — 

One cwt. of barley malt and two cwts. of 
rye meal are mashed with 460 gallons of 
water, heated to 162°F. After Sieybritue 
have been infused for a sufficient time, cold 
water is added, tiU the wort becomes equiva* 
lent to 45 pounds of saccharine matter per 
barrel. Into a vessel of 500 gallons capa- 
city, the wort is now put at the temperature 
of 80«», with half a gallon of yeast. The 
fermentation instantly begins, and is finished 
in 48 hours, during which the heat rises to 
90<». The wash, not reduced lower than 
12 or 15 pounds per barrel is put into the 
still along with the g^ns. Thwe distilla- 
tions are required; and at. the last, a few 
juniper berries and hops are introduced to 
communicate flavour. The attenuation of 
45 pounds in the wort, to only 15 in the 
wash shows that the fermentation is here 
very imperfect and uneconomical; as indeed 
we might infer from the small proportion of 
yeast, and the predpitancy of the process of 
fermentation. On the other hand, the very 
large proportion of porter- yeast in a cor- 
rupting state, used by the Scotch distillers, 
cannot fail to injure the flavour of ^eir 
spirits. ^ 

Rum IS obtained from the fermentation of 
the coarsest sugar and molasses in ^e West 
Indies, dissolved in water in the proportion 
of ^nearly a pound to the gallon. The yeast 
is procured chiefly from tke rum wort. The 
preceding details give sufficient instruction 
for the conduct of this modification of the 
process. 

Sykes' hydrometer is now universally 
used in thefcollection of the spirit revenue 
in Great Britain. It consists, first of a flat 
stem, 3.4 inches long, which is divided on 
both sides into 11 equal parts, each of which 
is subdivided into two, the scale being num- 
bered from to 11. This stem is soldered 
into a brass ball 1.6 inch in diameter, into 
the under part of which is fixed a small co- 
nical stem 1.13 inch long, at whose end is 
a pear-shaped loaded bulb, half an inch in 
diameter. The whole instrument, which is 
made of brass, is 6.7 inches long. The in- 
strument is accompanied with 8 circular 
weights, numbered 10, 20, 30,40,50, 60,70, 
80, and another weight of the form of a paral- 
lelopiped. Each of the circular weights is cut 
into its centre, so that it can be placed on the 
inferior conical stem, and slid down to the 
bulb; but in consequence of the enlargement 
of the cone, they cannotslip ofl'at the bottom, 
but must be drawn up to the thin part for this 
purpose. The square weight of the form of a 
parallelopiped, has a square notch in one of 
its sides, by which it can be placed on the 
summit of the stem. In usih^ this instru- 
ment, it is immersed, in the spu*it, and prsss- 
.od down by the hand to O, till the whole di- 



tfae hand required to sink it, will be a guide 
in selecting the proper weight Having 
tak^n one of the circular weights, which is- 
necessary for this purpose, it is slipped on 
the conical stem. The instrument is agaia 
immersed and pressed down as before to O, 
and is then allowed to rise and settle, at any 
point of the scale. The eye is then brought 
to the level of the surface of the spirit^ and 
the part of the stem cut by the surface, as 
seenjhm behvf, is marked. The number 
thus indicated by the stem is added to the 
number of the weight employed, and with 
this sum at the fnde, and the temperature of 
the spirits at the top, the strength per cent is 
found in a table of 6 quarto pages. ** The 
strength is expressed in numbers denotii^ 
the excess or deficiency per cent of prooS 
spirit in any sample, and the number itself 
(having its decimal point removed two places 
to the left) becomes a factor, whereby the 
gau^d content of a cask or vessel of such 
spint being multiplied, and the product be* 
ing added to the gauged content, if over 
proof, or deducted from it if under proof, 
the result will be the actual quantity of 
proof spirit contained in such cask or ves- 
sel."* 

*Di8TasKB. See fcrAHiTK.* 

* DisTurcT CoHCBSTioirs. A term in 
MiKsRALoer.* 

DociMASTic Abt. This name is given to 
the art of assaying. See Ass at. Blow- 
pipe, AiTALTsis, and the several metals. 

*DoLOMiTB. Of this calcareo-magnettaa 
carbonate, we have three sub-species 

1. Dolomite, of which there are two kinds. 

§ 1st. Granular Dolomite. 

White granular. It occurs massive, and 
in fine g^nular distinct concretipns, loosely 
aggregated. Lustre glimmering and pearly^ 
Fracture in the large, imperfect slaty. Faint- 
ly translucent. As hard as fluor. Brittle 
Sp. gr. 2.83. It ettervesces feebly with 
acids. Phosphorescent on heated iron, or 
by friction. Its constituents are 46.5 car- 
bonate of magneffia, 52.08 carbonate of lime, 
0.25 oxide of manganese, and 0.5 oxide of 
iron. Klaproth. Beds of dolomite, con- 
taining tremohte, occur in the island of lona, 
in the mountain group of St. Gothatd, in the 
Appenines,and in Carinthia. A beautiful 
white variety used by ancient sculptors, is 
found in the Isle of Tenedos. Jameson. 

The Jlexihh variety was first noticed in 
the Borgbese palace at Rome; byt the other 
varieties of dolomite, and also common gra- 
nular limestone, may be rendered flexible, 
by exposing them in thin and long slabs to 
a heat of 480° Fahr. for 6 hours. 

§ 2d, Brtnm Dolotnite, or magnesian lime* 
stone of Tennant. 

Colour, yeliowish-gfnty and yellowish-- 
browq. Jussive, and in minute granular 



US%,A 

concretions. Luitre iqternally gllrtening. ten 

Fncture splintery. Translucent on the gi'i 

ed^ea. Harder than calcareous spiw. Brittle. F < 

Sp. gr. of crystals, 2.8. It dissolves slowly, i i 
and with feeble eflervescence; and when 
odcined, it is long in re-absorbing carbonic 
acid from the air. Its constituents are, 

lime 29.5, magnena 205, carbonic acid \ 
475. Alumina and iron 0.8. Tennant, Ir 
the north of England it occurs in beds f 
considerable thickness, and great exter 

resting on the Newcastle coal formatir j 

In the Isle of Man, it occurs in a limestr f 

which rests on gray-wacke. It occiur I 
trap-rocks in Fiieshire. When laid on 
after being calcined, it prevents vegeu 

unless the quantity be smalU. ( 

To the preceecting variety wc mot j 

tijhxihie doiomite found near Tinmou' | 

tie. It is yellowish-gray, passing intc I 
yellow. Massive. DuU. Fxacture 
Opaque. Yields readily to the k 

Uun plates, very flexible. Sp. gr^ | 
the stone is porous. It dissolves 
readily as common carbonate of 

constituents are said to be 62 r < 

lime, and 36 carbonate of magr i 
made moderately dry, it loses i 

but when either very moist o' i 

is very flexible. ( 

3d, Columnar DafomUe. Cc i 

ish-white. MusBivc, and in i 

concretions. Cleavage imp< < 

uneven. Ixistre vitreous, w 1 
Breaks into acicular tru 

translucent. Brittle. Sp. i 

stitueuts are 51 carbonat i 
bonate of magnesia, 1 ca 
iron. It occurs in serp^ 

Sd, Compact DaUmitt i 

loQT snow-white. Mas I 

flat conchoidal. Sligl I 

e^es. Semi-hard. D < 

gr 2.76. When p I 

with, efiervescence i 

consists of 70.5 car i 

carbonate of mas \ 
in serpentine rocf 
Austna.* 

Dbaco-Mitio/ e 

CD»T.* I 

"(■Uraoob's F I 

coloured resin \ 

dies, the prodir < 

catia draco. I 

soluble in a f I 

sohition imp : 

marble. It ; 

little benz i 

*Dbawi 1 

lour graj i 

the prin i 

cross fn> i 

slaty, of i 

It wh« I 



wbidl ii contained in the fleeee. For this 
purpose an alkaline liquor is necessary; but 
as alkalis injure the texture of the wool, a 
▼ery weak' splution may be used. For if 
more alkali were present than is sufficient 
to convert the yolk into soap, it would at- 
tack the wool itself Putrid urine is there- 
fore generally used, as bein|^ cheap, and 
containing a volatile alkali, which, uniting 
with the g^ase, renderiJ it scduble in water. 
Silk, when taken from the cocoon, is co- 
vered with a kind of vamish, which, be- 
causf^ it does not easily yield either to wa- 
ter or alcohol, is usually said to be soluble 
in neither. It is therefore usual to boil the 
silk with an alkali, to disengage this mat- 
ter. Much care is necessary in this opera- 
tion, because the silk itself is easily cor- 
roded or discoloured. Fine soap is com- 
monly used, but even this is said to be de- 
trimental; and the white China silk, which 
b supposed to be prepared without soap, 
has a lustre superior to that of Europe. Silk 
loses about one-fourth of its weight by be- 
ing deprived of its varnish. See Blkach- 

ING. 

The intention of the previous prepara- 
tion* seems to be of two kinds. The first 
to render the stuiFor material to be dyed 
aa clear as possible, in ordef that the aque- 
ous fluid to be afterward applied, may be 
imbibed, and its contents adhere to the mi- 
nute internal Surfaces. The second is, that 
the stuff may l|a rendered whiter and more 
capable of reflecting the light, and conse- . 
quently enabUn^f the colouring matter to 
exhibit more brilliant tints. 

Some of the preparations, however, though 
considered merely as preparative, do real- 
ly constitute part of the dyeing processes 
themselves. In many instances a material 
is applied to the stuff, to which it adheres; 
and when another suitable material is ap- 
plied, the result is some colour desired. 
Thus we might dye a piece of cotton black, 
by immersing it in ink; but the colour would 
be neither good nor durable, because the 
particles of precipitated matter, formed of 
the oxide of iron and acid of galls, are al- 
ready concreted in masses too gross either 
to enter the cotton, or to adhere to it with 
any considerable degree of strength. But 
if the cotton be soaked in an infusion of 
pdls, then dried, and afterward immersed 
in a solution of sulphate of iron (or other 
ferruginous salt), the acid of galls being 
every where diffused through the body of 
the cotton, will receive the particles of ox- 
ide of iron, at the very instant of their 
transmission from the -flnid, or dissolved 
to the precipitated or solid state, by which 
means a perfect covering of the black inky 
matter will be applied in close contact with 
the surface of the most minute fibres of 
the cotton. This dye will ^erefore aot 
Vol. T. 



only be more intense, but likewise more 
adherent and durable. 

The French dyers, and af^er them the 
English, have given the name of mordant 
to Uiose substances which are previously 
applied to piece goods, in order that they 
may aflerward take a required tinge or 
dye. 

It is evident, that if the mordant be uni- 
versally applied over the whole of a piece 
of goods, and this be afterward immersed 
in the -dye, it will receive a tinge over all 
its surface; but if it be applied pnly in 
parts, the dye will strike in those parts 
only. The former process constitutes the 
art of dyeing, properly so called; and the 
latter, the art of printing woollens, cot- 
tons, or linens, called calico-printingu 

In the art of printing piece goods, the 
mordant is usually mixed with gum or 
starch, and applied by means of blocks or 
wooden engravings in relief, or from cop- 
per plates, and the colours are brought out 
by immersioff in vessels filled with suitable 
eompositions. Dyers call the latter fluid 
the bath. The art of printing affoi'ds many 
processes, in which the effect of mordants, 
both simple and compound, is exhibited. 
The following is taken from Berthollet. 

The mordant employed for linens, in- 
tended to receive different shades of red, 
is prepared by dissolving in eight pounds 
of hot water, three pounds of alum* and 
one pound of acetate of lead, to which 
►two ounces of potash, and afterward two 
ounces of powdered chalk, are added. 

In this mixture the sulphuric acid com- 
bines with the lead of the acetale and falls 
down, because insoluble, while the argilla- 
ceous earth of the alum unites with the 
acetic acid disengaged from the iaeetate of 
lead. The mordant therefove coasists of 
of an argillaoeoiis acetic salt,iand the small 
quantities of alkali and chalk serve to neu- 
tralize any disengaged acid» which might 
be contained in the liquids. 

Several advantages are obtained by thua 
changing the acid of the alum. First, the 
argillaceous earth is more easily disen- 
gaged from the acetic acid, in the subse- 
quent processes, than it would have been 
from the sulphuric. Secondly, this weak 
acid does less harm when it comes to be 
disengaged by depriving it of its earth. 
And thirdly, the acetate of alumina not 
being ciTstallizable like the sulphate, does 
not separate or curdle by drying on the 
face of the blocks for printings wlien it is. 
mixed with gum or starch. 

When the design has' been impressed by 
transferring the mordant from the face of 
the wooden blocks to the cloth, it is then 
put into a bath of madder, with proper 
attention, that the whole shall be equally 
exposed to this fluid. Here the piece bo« 
46 



comts of ft ttd colour, bat deeper in those 
places where ^4be moraant was applied. 
—'For some of tbe argillaceous earth had be- 
fore quitted the acetic acid, to combine 
' with tbe cloth; and this serves as an inter- 
medium to fix the colouring matter of the 
madder, in the same manner as the acid of 
galjs, in the former instance, fixed the par- 
' tides of oxide of iron. With the piece in 
this state, the calico-printer has only there- 
fore to avail himself of the difference be- 
tween a fixed and ,a fugitive coloui: He 
therefore boils the piece with bran, and 
spreads it on the grass. The fecula of the 
bran takes up part of the colour, and the 
action of the sun and air renders more of 
it combinable with the same substance. 

In other cases, the elective attraction of 
the stuflT to be dyed has a more marked 
agency. A very common mordant for 
woollens is made by dissolving alum and 
tartar together; neither of which is decom- 
posed, but may be recovered by crystalli- 
zation upon evaporating the l^uor. Wool 
is found to be capable of decomposing a 
solution of alum, and combining with its 
earth; but it seems as if the presence of 
disengaged sulphuric acid served to injure 
the wool, which is rendered harsh by this 
method of treatment, though cottons and 
linens are not, which have less attraction 
for the earth. Wool- also decomposes the 
alum, in a mixture of alum knd tartar; but 
in this case thove can be no disengagement 
of sulphuric aciid, as it is immediately neu-. 
tralized by the alkali of the tartar. 

Metallic oxides have so great an attri^c- 
tion for many colouring* substances, that 
they quit the acids in which they were dis- 
solved, and are precipitated in combination 
with them. These oxides are also found 
by experiment to be strongly disposed to 
combine wit!) animal subst^ces; whence 
in many instances they serve as mordants, 
or the medium of union between the co- 
louring particles and animal bodies. 

The colours which the compounds of 
metallic oxides and colouring particles as- 
sume, then, ai*e the product of the colour 
peculiar to the colouring particles, and of 
that peculiar to the metallic oxide. 

• The following are the dye-stuffs used 
by the calico-printers for producing fast 
colours. The mordants are thickened 
with gum, or calcined stai'ch, and applied 
with the block, roller, plates, or pencil. 

1 . Black. The cloth is impregnated with 
acetate of S»n (iron liquor), and dyed in 
ft bath of^adder and logwood. 

2. Purple. The preceding mordant of 
iron, diluted; with the same dyeing bath. 

3 Crinutm. The pnordant for purple, 
imited with a portion of acetate of alumi- 
iia» or red mordant, and the above bath. 

4* ^eA iUetftte of alumina is the mor- 



dant, (see AtiTMxvA), and madder ia the 
dye-stuff. \ 

5. PaU red of different shades. The 
preceding mordant diluted wilji water, and 
a weak madder bath. 

6. Brown or Pompadour. A minted mor- 
dant, containing a somewhat larger pro- 
portion of the red than of the black; and 
the dye of madder. 

7. Orange. Tbe red mordant; uid a bath 
first of madder, and then of quercitron. 

8. YeUow. A strong red mordant; and 
the quercitron bath^ whose temperature 
should be considerably under the boiling 
point of water. ^ 

9. Blue. Indi|p>, rendered soluble and 
greenish -yellow coloured, by potash and 
orpiment. It recovers its blue colour, by 
exposi^ to air, and thereby also fixes firm- 
ly on the cloth. An indigo vat is also made, 
with that blue substance, diffused in water 
with quicklime and copperas. These sub- 
stances are sopposed to deoxidize indigo, 
and at the same time to render it soluble. 

GoUien-dye. The cloth is immersed al- 
ternately in a solution of copperas and lime- 
water. The protoxide of iron precipitated 
on the fibre, soon passes by absorption of 
atmospherical oxygen, into the golden*co- 
loured deutoxide. 

Buff, The preceding substances, in a 
more dilute state. 

Bhie vat, in which white spots are left 
on a blue ground of cloth, j# made, by ap. 
plying to these points a paste composed of 
a solution of sulphate of copper and pipe- 
clay; and afler they are dried, immersing it 
stretched on frames for a definite number 
of minute% in the yellowish-g^en vat, of 1 
part of indigo, 2 of copperas, and 2 of lime, 
with water. 

Green. Cloth dyed blue, and well wash- 
ed, is imbued with the aluminous acetate, 
dried, and subjected to the quercitron bath. 

In the above cases, the cloth, after re- 
ceiving the mordant paste, is dried, and 
put through a mixture of cow dung and 
warm water. It is then put into the dye- 
ing vat or copper. 

Fugitive Coloure. 

All the above colours are given, by ma- 
king decoctions of the different colouring 
woods; and receive the slight degree of 
fixity they possess, as well as great brillian- 
cy, in consequence of their combination or 
admixture with the nitro-muriate of tin. 

1. Red is frequently made from Brazil 
and Peachwood. 

2. Black. A strong extract of galls, and 
deuto-nitrate of iron. 

3. Purple. Extract of logwood and the 
deuto-nitrate. 

4. Yellofo. Extract of quercitron bark, 
or French berries^ and the tin solution. 

5. Blt*e. Prussian bhie and telotion of 
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